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DETERMINATICN COF (d,alpha) RBACTION CRCOS3 SECTIONS

oy
Kenneth Lynn Hall

ABSTRACT

The objectives of this research were to assemble
the necessary apparatus and establish procedures for the
accurate measurement of (d, u) reaction cross sections,
and to apply these techniques to determine several cross
sections using the 7.8 Mev deuterons from the University
of Michigan cyclotron.

The measurement involved the bombardment of thin
targets, subsequent c@emical separation of the product
nuclei, and determination of the absolute disintegration
rate of the B-ray emitting products. To obtain the
irradiations a bombardment chamber was designed and installed
as an integral part of the cyclotron vacuum system. Lhe
deuteron beam was stopped in a Faraday cup, after traversing
the target. The beam current was measured by means of a
current integrator which was built for this work. & metal
evaporator was assembled for use in fabricating tnin targets.
After bombardment, the tafgets were dissolved, and the low
yield (d, a) resuction products were chemically separated
from relatively large amounts of (d, n) and (d, p) radio=-

active products. Lthis was achieved without the addition of



inactive carriers in the case of three of the four elements

studied. Absolute counting of the separated products was

accomplished by application of the techniques of lar

proportional counting.

The experimental (d, o) reaction cross sections

the formation of the isotopes indicated are:

Na22: o = 0.0094 Z 0.004 barn at
Nazh: s = 0.151 = 0,006 barn at
p32, 5 = 0.3 0.2 varn at
5ck0, s = 0.00044 % 0.00033 barn at
1.2-hr agt%%: o = 0.0017 % 0.0002 barn at
aglt?, o = 0.0004L9 % 0.00002 barn at
agttt s = 0.0004 % 0.0000k4 barn at

748
7.8
7.7
7.0
7.8

7.8 =

7.8

I+ 1+ 1+ 4+

i+

+
L_J

The errors quoted are estimated standard deviations.

46

result for Se

%nich differed from one another by a factor of four.

for

0.1 Mev
0.1 Mev
O.1 Mev
0.8 Mev
0.1 NMev
0.1 Mev
0.1 Mev

The

quoted above is an average of two determinati

The hal

life of Nazh was evaluated by the method of least squares and

found to be 14.93 z 0.04 hours. Separated isotopes were bom=-

barded to assign the 27-minute and the "l.2-hour" periods in

silver to Agloh.

xii



PART I: LABSOLUTS (d,alpha) RS

INTRODLCTICY

The study of the properties of the nucleus and of the
reactions which it may undergo has received an enormous
amount of attention during the past two decades, and it
appears tnat the fi«ld w12 continue to increase in popu-
larity at an even greater rate than it has in the past.
Thus the expenditures of the United OStates Atomic Energy
Commission have quadrupled since 194&, (1) and in seven
vears the dollar volume to be spent on nuclear reactors
is predicted to undergo a tenfold increase. (2) Particle
accelerators are fairly common on college campuses nowadays
(3) so twt high energy sub-atomic pro’ectiles are avail-
able to many workers for tne purpose of producing radio-
active species for study or application, or for the purpose
of investigating the details of the reaction between the
pro jectile and the nucleus.

"In speaking of nuclear reactions one of the important
questions to ask is "Jhat will the yield of a certain
nuclear species be if Lombarded under a given set of con-
ditions?" 1In the field of reactions between molecules the
organic chemist is similarly concerned with the chemical
yield, i.e., tae percentage of the starting materials which
react to zive a specific product among the various by-
vrod.cts which are produced in the same reaction mixture.
Fursuin: this analoszy a little further, the rate of pro-

~jyven chemical species is many times expressed

Lo

duction of a

-1~
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in terms of the concentration of the reactants, and a rate
constant characteristic of the reaction. 4 similar situation
exists in the reactions between nuclei and high energy bom=-
barding particles, with the important difference tihat in this
case equilibrium conditions do not exist and the reaction
must be discussed in terms of individual collisions. The
ratevof production of a given nuclear species is expressed

in terms of the "concentration" of nuclei and incident par-
ticles, and a constant of proportionality characteristic of
the reaction (cf. the rate constant for chemical reactions).

This constant is known as the cross section and it may be

defined as the probability that a given nuclear reaction will
occur. There may be several possible courses for the reaction
to follow (as in the chemical case), but the cross section
Jsually refers to only one,

Jast as in writing chemical equations a nuclear reaction
may be written with the reactants on the left and the pro-

ducts on the right:

In words, this means that one nucleus of tellurium=-122
reacts with a deuteron and a nucleus of a new element,
antimony=-120, is produced with the release of an alpha
pa}ticle. A shorter notation is usually preferred, so that

the above reaction is written as

Te 22 (4, ) 56120,



-3=

These symbolizations refer to a single event (cf. chemical
equations where each symbol refers to one mol). The heats
of nuclear reactions are tremendous when coﬁpared with
ordinary clhiemical reactions. Thus the "J(" for the above

reaction is exothermic by 9.0 lev per nucleus, or 2.lxlOll

cal/mol.

Rate constants for chemical reactions are dependent
upon the temperature of the reactants. Remembering tnat
temperature mnay be related to tne mean kinetic energy of
the molecules, a change in the temperature produces a
change in the average energy with wnich the reacting
molecules collide. Thus the rate constants may be said
to depend upon the mean collision energy. The nuclear
case is analogous in that the cross section is a function
of the energy of the incident particle. A graph exhibiting

this dependence is called an excitation function.

here have been many studies of these functions carried
out during the past two decades. In 1944 Clarke and Irvine
(L) presented a bibliography of experimental excitation
functions produced oy cyclotron accelerated deuterons.
The Neutron Cross Section Advisory Group of the Atomic
" Erergy Commission (5) has more recently compiled neutron
excitation functions and thermal neutron cross section
data. A program is currently underway at Los Alamos under
tie direction of R. ' Tascﬂek (6) to assemble the existing
experimental charged particle cross sections. Many of the

excitation functions appearing in the literature have been
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in terms of relative values of the cross section, as the
shape of the curve was the main object of interest. Some=-
times an auvsolute scale has been estavlished by normalizing
the relative curve to one point which is an absolute cross
section at a particular energy. Other times each point

was determined absolutely.

Less attention has been devoted to the careful measure-
ment of absolute cross sections at an accurately known energy,
especially for low-yield reactions such as the (d,a), (pya),
(d,¥)s etcs This may be due in part to the experimental
difficulties attendant in these measurements. The present
work is concerned with such absolute determinations for
the (d,a) reaction using 7.€& Mev deuterons of the University

of lichigan cyclotron.



The objectives of this research were (a) to set-up
the apparatus and establish procedures by waich absolute
cross sections may be routinely determined with an overall
accuracy of ~, per cent, and (b) to apply these techniques
to the measurement of the (d,a) cross sections of several

nuclei.
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A, DBombardment Chamber

The 42 inch University of Michigan cyclotron produces
7.8 Lev deuterohs in high intensity beams. The external
veam is as great as 100 microamperes just beyond the
deflector. An additional system was installed within the
last two years to bring the deflected beam out to a "scat-
tering chamber" via a focusing magnet, and finally tunrough
an analyzing magnet to a detector. The layout of the cyclo-
tron vacuum svstem as it now stands is shown schematically
in figure 1., It was known that ths nuclear chemistry group
was to have a bombardment chamber incorporated into the
system and it fell to the writer to design, test, and install
the chamber., It was to be placed somewhere between the two
magnets F and X. Simple geometrical considerations demon=-
strated that to take advantage of tne focusing magnet the
chamber must be behind the focal plane and as close to it
&s possible, Glits may then be placed at L (the calculated
focal plane passes through the center at N) to select various
combinations of energy definition and beam intensity.

Referring to figure 1 the deflected beam emerges from
the cvclotron vacuum tank A throigh the window box B, passes
the vertical and horizontal slits D into a 6 inch diameter
iron pipe E. A focising magnet F directs the beam past the
vertical and horizontal slits J and L toward the scattering

chamber M on the other side of tine shielding wall,

bym
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CYCLOTRON LAYOUT — SCHEMATIC
Y.

CYCLOTRON TANK
WINDOW BOX

PROBE PORT

SLITS

6 INCH PIPE
FOCUSING MAGNET

6 INCH CHANNEL
VACUUM PUMP INTAKE
4 INCH PIPE

SLITS

2 INCH PIPE

SLITS

SCATTERING CHAMBER
SCATTERING TARGET
MONITOR

2 INCH PIPE
BOMBARDMENT CHAMBER
TARGET

SUPPRESSOR RING
FARADAY CUP
VACUUM PUMP INTAKE
6 INCH PIPE

SLITS

X ANALYZING MAGNET
Y SLITS

| Z EXIT CHANNEL

SsSs<CHOLVIDTO VOZIZIMXce—TITOMMOO WP

Fige l. Schematic representation of tie layout of the
cyclotron vacuun system.
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The slits L consist of a set of collimators containing
rectanzular holes all 1/4 inch high,but of several hori-
zontal dimensions from 1/8 to 3/4 inch. They were machined
from 1/8 inch lead sheet and mounted on a brass collar
which slides over the 2 inch pipe K, HNormally the 1/2 inch
norizontal aperture was used in this work. (This choice
was more or less arbitrary, but it was based upon the ob-
servation that whenever the 1/8 and 1/4 inch slits were
used,’tae maximum beam was roughly 0.05/ua, whereas as much
as 0.5/4a has been observed with the 1/2 inch slits.) The
remaining apparatus pivots about t?e scattering chamber,
riding on a circular railroad track. This system may be
oriented to zero degrees when the chemistry bombardment
chamber 4 is used. The Faraday cup T and target R retract
when not in‘use so that the beam can pass into the analyzing
magnet X for the physics experiments. Vacuum pumps located
at H and U are equipped with valves so that various parts
of the pipe system may be let down to air independently.
One other control over the beam (in addition to the deflector
and magnets) is a variable 10,000 volt D. C. power supply
which is applied to vertical deflector plates so the bean

may be aimed up or down as it enters the focusing magnet.

Design
The desizn of the bombardment chamber with the
associated Faraday cup and target arrangement was the

subject of much consideration. Its primary purpose was



to fulfill the requirements dictated by tnis reséarch, but
in addition it was to be made versatile enough to permit
other problems to be investigated with a minimum of modi-
fication. Thus the angular distribution of recoil nuclei,
excitation function studies, and the bombardment of radio-
active targets were among the problems for which the chamber
was designed. Furthermore, it had to be integrated with

the cyclotron system such that only a few minutes would be
required to change from a chemistry bombardment to a physics
experiment. With this in mind a design was worked out

which meets these demands and works quite satisfactorily

in practice,

4L search of the literature revealed that many diverse
arrangements of the target system have been used in previous
work.

Two ways are apparent of arranging the target with
respect to the Faradav cup to measure the number of incident
particles, The target may be placed inside of the cup or inp
direct contact with it. (7 - 13) In the other arrangement
the target foll is placed in front of the Faraday cup so
tuat the beam passes tarough the target and is caught in
the cup. (4, 10, 13 - 20) Panofsky (10) found no difference
in results when the two arrangements were tried., In either
case some provision must be made to\stop secondary electrons
from either escaping (if produced inside) or entering the
cup (if produced outside). While some workers have

ignored tnis detail (12, 15, 20) most of them have made
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use of an electric field to suppress‘the secondaries.
Others have used magnetic fields, e.g. the fringe field
of the cyclotron, to insure that the electron orbits

are spirals which are small compared with the dimensions
of the collector. Since the target must be removed from
the chamber rapidly after bombardment and because of
other requirements, it was decided to use the scheme in
which the target is placed before the Faraday cup with a
suppressor ring bhetween.

The machine drawings of the bombardment chamber are
shown in figures 2, 3 and A4, and the photographs of the
completed chamber are shown in fipures 5 and 6. The
constriction was made of brass, with all joints silver-
soldered except as noted below or where O-rings were used.
RBefore installation the entire assembly was vacuum tested,
first by {illing with water under pressure and secondly
with a helium leak detector. Ten inch diameter brass pipe
used in the construction made the chamber large enough to
accomodate apparatus to be used in future work as well as
to permit the retraction of the [Faraday cup assembly to the
side of the chamber when not in use. Both the cup and target
are on the end of probes manipulated from the outside.
Geometrical considerations show that a cone of scattered
particles defined by the center of the scattering chamber
as its apex, and the end of the 6 inch brass pipe V,
figure 1 as its base is undisturbed LY the protrusion of

the Faraday cup when in its retracted position.



-11-

The Faraday cup assembly is mounted on teflon slides
wihich enzgagze in grooves in the brass floor of the' chamber
for easy positioning of the cup. The probe consists of a
3/4 inch brass pipe screwed into a part of the teflon
structure, This pipe slides in and out of the chamber
through an O-ring port. The suppressor ring was cut from
1/4 inch brass plate, and a hole was machined in the center
to match the inside diameter of the Taraday cupe. It is
mounted permanently on the front of the cup and insulated
with teflon. [lectrical leads are brougnt into the chamber
via kovar seals (Stupakoif Ceramic and Manufacturing Company,
Latrove, Fennsvlvania, No. 95.1029) which were scft-soldered
over the 1/2 inch holes atop the chamber. The cup and ring
are provided with binding posts, and ~10 inch lengths of
RG=62/U cable are attached at one end to tue posts, the
otier end being soldered to tlie kovar seals, To protect
the outside of the seals from breakage and dirt, removable
brass housings are provided. The outer terminals of the
kovar seal were soldered to tiae pin of canle connectors
mounted on the brass housings. Type UG=560/U (teflon in-
sulated) was used with the Faraday cup while UG=-496/U
was used with the suppressor ring. The entire cup assemble
and connecting wires were scrupulously cleaned of dirt,
crease, and lint before final assembly, with special
attention paid to the teflon parts and the electrical

contacts.
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Tae target probe may be introduced through a side
chaniber so as not to disturb the main vacuum. The vacuum
lock is constructed of 6 inch brass pipe, and a vacuum
valve with a 4 inch opening isolates it from the main

acuum system. A 3/4 inch modified steam valve was soft=-

<

soldered into a piwe fitting in the side of the 6 inch
pipe to serve as the connection fof thie vacuumn pump.

(For details see the section describinz the metal evap-
orator. ) 4 Cenco-lypervac 4 wechanical bump (Central
Scientific Company, Caicago, Illinois) was used to
evacuate the side coamber in about 10 minutes. 4 3/8

irch Hoke valve (oriented with the arrow pointing out)

was scfit-soldered into a pipe fitting protruding from the
5 ineh pipe. This provides a means of letting air into
tne chamber slowly without rupturing the delicatg targets.
An O-ring port in the end plate of the side chamber
paintains the vacuun seal and supports the target probe.
The end plate must be removed before the probe can be
inserted or withdrawn, but this can be done in a matter of
seconds. This desisn is seen to fulfill the original

ob jectives, since it has given very satisfactory service
over the past vear,

The brass probe head with provision for eigit separate
target mounts engages in the [araday cup assewbly. The
eigit target positions vary from 1 1/2 to ~ 2 2/3 inches
in front of the cup tc accomodate collimators, alLsorbers,

targets, etc. The positions were assigned numbers 1, 2,...3
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for easy reference, position 1 being c¢losest to the

Faraday cup.

Be Window Box Frobe

In the early phase of this work, a number of bombard-
ments had to be obtained in order to test chemical procedures,
to explore the order of magnitude of (d,a) yields that could
be expected, etc., Beam currents of 50 - lOO/ua are available
at the window box probe,(C of figure 1), making it easy to
obtain large amounts of activitv. Thre probe for use in this
position was made from 3/4 inch brassApipe in which the
target was clamped to a>copyer nead, hen the probe was
witndrawn from the cyclotron after being bombarded, it was
extremely radicactive - many targets were obtained which
measured 2 roentgens per hour at a distance of one foot!

The need thus arose for a new prope design from which the
target could be quickly removed, Fast removal would result
in lower radiation exposures for personnel since most of
tiie induced activities are in the copper probe head.
ioreover, the investigation of short=lived activities would
be aided by the use of a quick opening device.

The result of these considerations was a new probe
design, the details of wiich are s.iown in figure 7. The
essential feature is that a single Phillips head screw
secures tne hinged clamp against the probe head thus
nolding the target foil tightly. A spring normally forces
the clamp away from the head so that after vombardment the

screw is loosened and the clamp syrings away releasing the
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target.« To prevent tine screw from flying out of the clamp,
the threads were machined off for 1/16 inch close to the
nead of the screw. Tne entire operation of releasing the
target from the probe and dropping it into a beaker can be
done at a distance of several feet by employing a Phillips
head screw driver mounted on the end of a long aluminum rod.

This new design has been in use for about three years,
and has given very satisfactory service. Spare clamps,

springs, and screws allow one probe to be used many times

before it must itself be repaired.,

Ce Beam integrator

There are two principle mefhods for recording the
current produced by the incident deuterons. They may be
caught in a Faraday cup and the current amplified and fed
irto & pen recorder. OCt.erwise some form of current inte-
zrator may be used to record tie total charge collected.
“rom the point of viecw of accuracy, Kelley and Segre (1¢)
claim only * 0,5 per cent by integrating under the curve
of current vs time, whereas + O.1 per cent has been reported
for many of the integrators reported in the literature.
(8, 10, 13, 21 - 34) Since an integrator patterned after
tie one described by Watts (30) had previously been used with
the University of Michigan cyclotron by King (35) and was
availavble to us, it was decided that this ﬁould be the
logical starﬁing point. The only moiifications foreseen were
tie improvement of its stavility and the extension oif 1its

range up to ~5/1a.
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Accordingly, Trott Zlectronics Company of Rochester,
New York, was contracted to make these changes. However,
tne unit as received was far from satisfactory, With no
input current it counted at a rate corresponding to several
micfbamperes. It was found tnat the integrating condensers
did not fully discharge after eacih count. JSeveral errors
in wiring were discovered. These and other difficulties
necessitated extensive modifications before the integrator

could be used.

Description

The circuit as finally adopted is shown schematically
in figures & and 9. Briefly the operating cycle is as
follows. The deuterons strike tae Faraday cup, extract
electrons and cause one of the integratingz condensers
AeesD to charge., The grid of V3 tien becomes positive,
and V3 starts to conduct when the grid potential reaches
about 5 volts. This cuts off one half of V4 and results
in a rise in the grid potential of one half of V5, a
univibrator circuit. T.:is half of V5 starts to conduct,
cutting off the other half., Thiis means tiat the grids of
V1 and V2 rise and these tubes conduct, discharging the
integrating condenser. & positive pulse 1is also received
on the grid of V6 wiich drives the register ard records a
count. V6 also actuates a relay (Fotter and Srumfield,
Frinceton,Indiana, Trpe 315L3, 10,000 oam.) whose closing

time is ~3 milliseconds and opening time is less than
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1l millisecond. The condenser is thus ccmpletely
agischar.ed. The counts mav be recorded eitiher on the
lercury register, or on a traffic counter (Streeter-amet
Company, Chicago, Illinois, lModel 35C1-5) which stamps out
thie number of counts at equal time intervals,

The 5803 electrometer tubes were sealed in a light
tignt box along with a small bag of silica gel. The
integrating condensers are similarly sealed and desiccated,
All tae exposed input wires weré cleaned and sprayed with
irvlon and the cable connectors kept scrupulously clean
and dry. These precautions were found to be absolutely
essential in order to reduce thae drift rate (counting rate
with zero input current) to a tolerable level. Now the
drift rate corresponds to ~+0.00l/ua on range B and ~-0.00%Ma
on range D. The Faraday cup is connected to the integrator
by about 67 feet of RG-£/U canle using teflon insulated
conrectors, UG-50B/U. The second input connector is for
tae calibration equipment.

In order to maintain the B+ constant and at 300 volts
it was necessary to use a 5o0la constant voltage transformer
and a Variac between it and the integrator. Even with
these precautions B+ drops several volts whenever the
register is activated. It was noted later in the work tnat
if" tie traffic counter and tne integrator are both plugged
into the same line circuit, every time the traffic counter
prints a number, a certain amount of extraneous charge

appears on the integrating condenser.



Operation

It was found that it is necessary for the integrator
to be warmed up at least two hours before reproducible
results can be obtained. The B+ is then adjusted to 300 volts
by means of R46 of figure 9., Referring to figure ¢ the range
switch SWy is set to E (shorting out the grid of V3), and the
meter switch swz set to V3., The bias on V3 is adjusted by
means of R2 so that the meter reads San. Next 54y is
switched to D, and a small current is fed into the instru-
ment. If the meter does not indicate 22/ua when the register
trips, R238, R20, and/or [10-19 are adjusted until it does.
Finally swz is changed to VL, and the meter is made to read
from zero to full scale to indicate fractions of a count,
This is done by varying R6 and R9a.

The performance of this instrument is best discussed
in terms of its accuracy and stability, and this will be
reserved for the nxperimental Procedures section on the
calibration of the beam integrator. Tne calibration curves
presented there are not linear except at very low counting
rates, and this togetner with the Qifficulties discussed
above led to tne conclusion tihat an entirely new integrator
should be constructed., The design of Higinbotham and
Rankowitz (28) was chosen, and tihe parts ordered, but there

wasn't time ‘to complete the new unit for use in this work.

D. Metal LEvaporator

A high vacuum metal evaporator was constructed for use

6

in this work. It operates at pressures from 10-3 to 10" “mm
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of mercury and is powered bv a transformer system capable
of delivering about 250 watts to the heating element, The
completed unit is pictured in figures 10, 11 and 12.

Thnin even films of various target materials may be
prepared with this apparatus starting with metal chips,
snavings, powder, or metallic compounds such as oxides, etc.
The films so produced are very uniform in their thickness,
as indicated by the data presented in the Experimental
Frocedures section on target preparation. Another use made
of the evaporator is to evaporate gold onto thin Zapon

films for absolute beta counting with the L4 counter,

Blectrical Qoﬁtrols

The wvacuum evaporator used in this work was patterned
after one in use at the University of California Radiation
Lasoratory., DOr. E. H. "leming of that laboratory kindly

¢

furnisned us with the drawings and specifications. The
control panel was built in 1951 by W. A, Cassatt and was
only slightly modified for its present use. The schematic
diagram of the panel as it now stands is shown in figure 13,
The heater output is capable of delivering up to ~13 volts

waen the Powerstat is wired for 135 volts output.

“ - s A
Jocuull Sauge

4 thermocouple vacuum gauge, .iCa type 1946, was sealed
directly to the base plate of the evaporator by means of
Apiezon W wax. (4All attempts to make a vacuum seal through

an O-ring connection failed. Presumably this was because
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the base plate was machined from a casting so tiat the
recessed surface originally provided in the base plate
for the gauge could not be polished sufficiently.)

4 lMcleod gauge was used for tue calibration. Z2oth
rauges were coniected to the vacuum system through holes
.rovided in the base plate. The pressure was varied by

isclati-z the vacuum system at various sta;es of evacuation.

g

The pressure was the same in the two gauges and remained
constant over a period 5f time much longer than necessary

to take readings, as proved by repeated readings., Calibration
cirves were ta<en for various values of the heater current

in the 194€ tube. Subsequent calivrations showed that the
cirve shifts as the tube ages, but not enough to affect the
day-to-day operation of tne evaporator. The thermocouple
gauge becomes quite insensitive at pressures below 10“h,

but since most evaporations do not require a vacuum better

t.:an this value, the gauge serves the purpose.

Vacuum s»stem

A schienatic representation of the system is shown in

figure 14. The vacuum svystem of the original unit was

~

rebuilt to include a liquid nitrogen trap and a system of
valves to bypass the diffusion pump. The original Cenco-
Hyvac forepump was replaced with the faster Cenco-Hypervac b,
winich reduced the pump-down time for rough vacuum from 30
to 5 minutes. The inclusion of the cold trap was found to

ve essential for the rapid attainment of pressures in the

o -6 . .
range of 10 “mm, especially on humid sum er days. The



valves uake it unnecessary to cool tie diff:sion pump
hetween evaporations, as the pumping system can be closed
off wnile air is being admitted to tie main vac.um cnamber
and the diffusion pump alone can be isolated while "roughing
out" the main chambsr. These modifications permit greater
efficiency and more rapid operation - it takes only 10 to

15 minutes to obtain the vacuum needed to proceed witn an
evaporation!

Tae pipe system consisted of ordinary 1 inch brass
plubing fittings Joined togetaer with silver solder,

4 short 1 inch brass nipple was soft-soldered to the in-
take of tne diffusion pump. The threads of this nipple
vwere tinned with soft solder, then coated with red Glyptal
enamel llo. 1201, (General Electric Company) and finally
screwed into valve 3. A second ccat of Glyptal assures a
vacuum tight conrection. The §ntire pipe system (including
the diffusion pump anc cold trap) is attached to the base
plate of the main vacuum chamber 5y means of a brass flange
and an O=-ring seal;

Tne diffusion pump used, a ViM-1l0 (Consolidated
Vacuum Corporation, Rochester, New York), was thoroughly
cleaned out with C. P. ether and filled with Octoil.

(Each time the bottom plug is removed the copper gasket
must be replaced to assure a vacuum tight seal.) The
fore pump was filled with light grade Cenco-Hyvac oil.

is the pump is broken in through usage, their heavy grade
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0il is necessary to prevent the vacuum from becoming soft
as the oil heats up.

The valves used in constructing the bypass system are
of three kinds. Valve 3, directly above the diffusion
pump, is a commercial high vacuum valve. The air vent,
valve 4, is simply a 1/4 inch Hoke needle valve properly
oriented,

The other two valves and the one used on the bombard-
ment chamber (see page 12)deserve special attention. Several
ways of modifying ordinary commercial valves for use in
vacuum systems have been suggested. (36 - 38) However,
ordinary steam radiator valves containing sylphon bellows
can be modified much easier for conversion to Serviceable
high vacuum valves. (39) First, the fiber gasket was re-
placed with one of soft rubber (e.g. neoprene), Next, the

t
leakage path around the screw in the gasket holder was
closed off by soft-soldering the two parts together. The
valve seat and the top of the body (where the bonrnet screws
down) were polished with emery cloth.s 4An O-ring was in-
serted between tiae top of the body and the sylphon flange.
A piece of soft solder in the form of a ring was useful
to act as a spacer in keeping the O-ring centered. For
assembly the O-ring (coated with Apiezon T if desired) was
placed in position on the body and the sylphon inserted
witi the gasket in place. Next the valve was pumped down
so that atmospheric pressure held the pieces in place,

The shaft was removed from the bonnet and screwed into the
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sylphon., Finally the bonnet was lowered into position with
the solder spacer and screwed down tightly to effect a
vacuum seal arocund the O-ring. Using this procedure there
was no twisting of theO-ring which can cause leaks.

The cold trap consisted of a 2 inch brass tube with
a 3/L inch brass pipe extending concentrically almost to
the bottom. A flange with an O-ring groove was provided
so that the trap can be cleaned. The cold trap was thermally
insulated from the rest of the metal’system with the rubber
O-ring and teflon washers on the flange bolts.

An inordinately large amount of time was spent in leak=-
hunting and in making vacuum-tight connections. Large leaks
were found by filling the system with water under a pressure
of several pounds, or by applving air pressure inside and
soap solution outside, 4 spare vacuum gauge ¥was found to
be very handy when it cgme to hunting smaller leaks. The
pressure was then checked in one section at a‘time,
making use of the valves either assembled or with the
bonret and stem replaced by rubber stoppers. A hydrogen
leak detector was also used with some success, but the
nelium leak detector is far superior in detecting minute
leaks.

Both wax seals and serew threads coated with glyptal
have been used to effect vacuum-tight connections, but the
only fool-proof method is to employ O-rings in properly
constructed _rooves. 30lts were designed with O-ring

grooves in the under side of their heads to seal off the
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spare holes in the base plate. Great care was exercised
in making the grooves, Their dimensions were made to con=
form closely to those recommended by the manufacturer
(Crane Packing Company, Bulletin !'c. P=308) except that
the groove width "D", was made equal to the O-ring cross-
sectional diameter. .11 surfaces contucting the C-rings
were honed or polished free from radial scratches and
tool marks. It was found that the metal used must not be
porous, i.e., castings can not generally be used.

Tie original bell jar provided was made of steel with
a window in the top. The welded joints made it impossible
to work with, as leaks developed when a modification was
attcempted. A Fyrex bell jar 10 1/4 inches in diameter and
14 inches high, (Consolidated Vacuum Corporation,
Rocnester, New York, ilo., 572%) was found to be very satis-
factory. An L-shaped rubber gasket fits around the rim
of the bell jar to make a vacuum tignt seal with the base
plate. Lo grease was necessary. An effective method of
preventing the bell jar from becoming coated with an
opaque deposit of evaporated material is to apply a thin

layer of Dow Corning High Vacuum Grease on the inner surface.

Heaters and target assembly

Several types of heaters described in the literature
(40 - L1) were tried. Figure 11 illustrates four different
designs: a Vycor crucible with a tungsten heater coiled

around it, a criucible made from alundum {(impure alundum was
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used because the pure variety crumbled and would not stick
to the conical wire frame), a tungsten wire basket, and a
tungsten wire helix. These designs met with varying degrees
of success, but the most generally satisfactory heater for
this work consists of a strig of C.005 inch tungsten foil
with the sides bent up to form a boat. A4 large amount of
material may be placed in the boat with little danger of

it falling out, énd a white heat is easy to obtain. However,
each material to be cecvaporated presents its own problems

and the solution is an individual matter. The heaters were
clamped between steel plates mounted on steatite stand-off
insulators, as illustrated in figure 12, The current was
conducted into the vacuum chamber by commercial electrode
assemblies (Consclidated Vacuum Corporation, No. 7299).
Figure 12 also shows the substrate upon which the metal
vapor condenses supported above the heater from a
specially designed ring stand. In the case of plastic
substrates a 1/2 inch thick aluminum block is placed behind
and in contact with it to help dissipate the heat. The
choice of substrate is also an individual consideration, and
will be treated along with the choice of heater in the ix=-

rerimental Procedures section on target preparation.

Operation

Tne detailed instructions for use with this evaporator

are given in Appendix 1.
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Ze L Proportional Counter

#'ien this researcn was undertaxen there were no
counters availaonle comiercially. The choice of this type
of counter for absolute disintegration rate determination
will be explained later in the lxperimental Procedures
section on avsolute beta counting. Tiere are four different
designs of lmr chambers described in tnhe literature. European
workers emploved a cylinder with the sample placed on a sup=~
port dividing the cflinder into two halves along its axis.
(42 - LO) Two wires stretcied parallel to the cylinder axis
above and below the sample support served as anodes. A
"pillbox" arrangement nas been used at the National Bureau
of 5tandards and at Harwell., (4o - 47) A rectangular chamber
was divided into two halves oy a sample plate, with the anode
wires stretched above and below the plate and parallel to it.
Borkowski (4&) is responsible for the third design which con-
sists of two cylindrical halves clamping the sample plate
vetween them. (47 - L&) The anode wires are stretched along
a diameter of each half. Finally two hemispheres placed
togetner with the sample plate in between constitute the
fourth type. (47 L9-52) The center wires are two small loops
suspended above and below the sample.

The two anodes were usually conriected together in
parallel and fed into a proportional or geiger counting unit.
Some workers have made studies of the coincidences between
the two halves. (LR - L44)

The counting gas flows continucusly or a pump may be

used to evacuate the chamber after which the gas is intro-



duced at the desired pressure. 'In the proportional counters
both pure methane and a mixture of 90% argon and 10% methane
nave been used.v (The latter, sometimes called P10 gas, is
reported to give a plateau at a lower voltage than pure
metnane.) (48, 53) The pressure is usually atmospheric,
althoush Borkowski (48) has conducted experiments in which
the pressure was varied from 10 to 76 cm of mercury without

noticeanle (+ 0.2¢.) change in counting rate on the plateau.

Description

A e¢ylindrical (Borkowski type) and a spherical 4w chamber
were constructed for use in this worke. They are pictured in
figures 15 and 16. The e¢ylindrical type was patterned after
taat used oy Borkowski (48) who very kindly sent us the
machine drawings. The two hemi-cylinders were 2 3/4 inches
in diameter aﬁd 1 5/16 inches deep, machined from aluminum,
These two halves are placed on top of one another, clamping
a thin aluminum sample plate between them. A gas tight
séal is provided by an O-ring between the hemi-cylinders.
The sample to be counted is mounted on a plastic film
covering the hole in the center of the plate. The plate
taen rests just inside the O-ring. The electrodes are
stainless steel wires 0.002 inches in diameter (obtainable
from Sigmund Cohn, lew York). They are stretched hori-
zontallf across each half of the cylinder at a distance
of 11/16 incnes from the central plate. Since it is

frequently necessary to change these wires tne details
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of this operation are described in Appendix IT.

The other chamber, patterned after the ones in use at
the lLational Bureau of Standards (47, 49 ~ 50) consists of
two stainless steel hemispheres 2 7/16 inches in diameter.
The sample plate is clamped between them. A gas~tight seal
is effected by two O-rings compressed.against opposite
sides of the sample plate. (Here the O-rings actually form
a part of the inside spierical surface,) The anodes are
made from 0,001 diameter wire, either stainless steel or
platinum. They are formed into loops 3/16 inch in diameter
and are suspeinded above and below the sample from teflon
insulators 3/4 inch from the sample plate. Both loops and
hemispheres are comuercially available (Huclear Measurements
Corgoration, Indianapolis, Indiana), The loops can also be
made in the laboratory, and the following directions for
making them are given in Appendix II.

The sample plates for these chambers are made from
0,010 inch aluminum sheet, Three 1/& inch héles spaced
120 degrees apart and 1/4 inch from the edze permit the
flow of methane from one half of the chamber to the other.
Plastic films can be mounted directly over a 1/2 inch
central hole upon which 1is deposited the active source,
Another arrangement is to lay across this hole a smaller
disk (1 inch diameter) which itself has a central hole
punched in it and across which the sample-bearing film
can be secured. The latter is illustrated with the

cylindrical counter in figure 15, Usually the active
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deposit is covered with another luver of film to prevent
contamination of the chambers.

The counting zas used is 99 mol per cent methane
(Phillips lFetroleum Company, Dartlesville, Cklahoma) und
the flow rate is adjusted by weans of a« bubbler filled
with Low Corning 702 fluid. The chamber is flushed for
avout 10 minutes at a rate of ~10 bubbles per second
after introduction of euch sample. This length of time

, ’ | : 90
was determined oy observing the counting rate of Sr-Y~
as a function of the length of flushing time. ifter
3 minutes the samy.le counted within the statistical error
of the nermael rate. ovare must Le exercised wit
films as they will be ruptured by too rcat . flusiing
rate, The flow rate is reduced to ~3 bubbles per second
for the duration of the count.

,The counters were operated in the proportional resion
S0 tinat very high counting rotes mav be mcasured witoout
tne application of a l.rge deud time correction. This is
due to the fuct that tihe deud times of proportional counters
are intrinsically low in comparison with those of Geiger
counters: of the order of 5/usec ;s compared with ~200
psec for Geiger counters.

4 luclear-Chicago Model 162 scaling unit modified
for procortional counting'(SA) was used in conjunction
with the cylindrical chamoer. The amplifier stace

was wodllied Ly the audition of two 1N33 diodes and

a 1 megohm, 1/2 watt resistor in the grid circuit of the
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taird 0AH6 tube (VT-3, per the circuit diagrum of the
lodel 1.2 scaler given in the accompanying instruction
wanual), The moditfied part of the circuit is shown in

the figure 17 which is a portion of the lipdel 102 circuit
diagram, This alteration i3 to prevent the awmplifier from
overloading and double pulsing with very large pulses and
aigh counting rates. he high voltage was supplied by a
Radiation Instruisent Development Laboratory lModel €0 dual
high voltage supply. The amplifier and scaler for use with
the spnerical chamber was built by the Trott Electronics
Company. The pulse amplifier is the same as desiéned by
[lexrothe. (55) The scaler is a modification of the one
descrived by Kemp.(56) (Tne end window proportional
counters used at Los Alamos utilize the same amplifier=-
scaler combination as reported by Rexroth and Kemp.)

The 4m chambers are placed in a copper box for elec-
trical shielding, as shown in figure 16. At first heavy
bare copper wires connected the chamber to the UG-4967U
cable conrector in the side of tue copper box. Later
flexinle rubber covered wire (5,000 volt insulation) was
found to stand up better. These wires were attached to
the cable connector by clip leads so that the chamber
nmay be easily disconnected for changing samples, cleaning,
or for using the top and bottom halves independently.

A short length of RG=11/U cable runs from the box to the
proportional amplifier. This copper box arrangement is

used at the National Bureau of Standards for the purpose
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of lowering the input capacitance and thus reducing the
resolving time and the attenuation of the pulses entering
the amplifier. (57)

The copper box is surrounded Ly two inches of lead for
shieldinz purposes. The background is then ~100 counts/min
on the cylidrical counter and 40 counts/min on the spherical

countcer.,

Performance

A good deal of trouble was experienced in getting the
counters to operate properly. This was especially true of
the spherical chamber., The difficulty was that after a
period of operation the voltage plateau would become almost
nonexistent, except at very high methane flow rates. The
cvlindrical chamber seemed to consistently give better
looking plateaus, and for this reason it was used almost
exclusively in the cross section work. But even it gave
spurious counts which would sometimes jam ghe scaler. The
several precautions that were found necessary for proper
performance are treated helow,

First of all the methane must be flowing through the
chambers at all times when the high voltagze is on. Otherwise
a continuous discharge may occur and a brown deposit may
accumulate inside the chamber. (58 - 59) If this habpens,
the anode wires and/ur chambers must be cleaned as described
in Nuclear Measurements Corporation Instruction Manual for
tneir Model PC-1l counter. Iurther details are given in

Appendix II,
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Special attention must be paid to any dust, lint, etc.
which may lodge on the high voltage connections, for this
will surely cause a discharge to occur.

The gas connections are anothier possible source of
grievance, It was found that the chamber must really be
gas=tight in order for proper counting to result. Thus
the Tygon (type i13€03) connecting tubing was wired tightly
to the chamber conrections. Apiezon W wax was used to insure
that the chamber connections were sealed. The chamber
was frequently tested for bad leaks by watching the 1/2
inch head of o0il in the bubbler wanen the sysﬁem is closed,

lL.astly a phenomena occasionally takes place that so
far defies an explanation. '“When certain samples are counted
for more than several minutes the counter goes into con-
tinaous discharge, while other samples, the background, etc.,
all count normally. Furthermore the questionable sample
appears to count all right when the bottom half of the
chamber is used alone, but it jams the counter if the top
half is used alone! Ferhaps it has something to do with
tie way in which the sample is prepared, because little
trouble has been experienced ever since the procedure has
been adopted of cleaning the sample plates with acetone and
drying the final sample under a heat lamp and hot air

current.



EAFERIMENTAL FROCEDURES
Ae Beam Determination

Suppression of Secondary Electrons

As pointed out in the section describing the bombard-
ment chamber, page 9 , secondary electrons,‘or delta rays,
produced when deuterons strike the target, collimator, etc.,
must not be'allowed to enter the Faraday cup if produced
outside of it. Otherwise the positive current collected
would be smaller than that produéed by the deuteron beam.,
Conversely, electrons produced within the cup must not be
allowed to escape or too high a positive current would be
irdiecated. IMost workers have taken secondary electron
emission into consideration using 200 - 300 volts to
suppress them in lieu of a magnetic field, although
Panofsky (10) used £,000 volts. Since the geometric
arrancement was different in each case reported in the
literature it was deemed necessary to experimentally de=-
termine the proper potential to use,

To take into account the fluectuation in the deuteron
beam, a scattering target of liylar, a DuPont polyester film,
usually 0.00025 inch (1/4 mil) thick, was in the scattering
chamber at N of figure l. The scattered particles which
passed through both monitor counters O, were recorded as
events by a coincidence analyzer whose output was fed into
a scaler., Bach (60) has given a complete description of

the monitors. The main beam passed through the Mylar target N,

~bylym
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traversed the target 3, and was stopped in the Faraday
cup T. The potential of the suppressor ring S was varied
and the amount of charge collected in the cup was measured

in terms of tlie ratio BM of the number of counts recorded

Dy the integrator per 64 monitor counts. The integrator

was set on range B (see figure &) for those experiments.

The procedure was to measure BN(O) wien no potential is
—— IR

applied to the suppressor ring, i.e., with the ring shorted

to ground. 3Secondly BM(V) was measured when VvV volts were

applied. Thirdly BN(O) was again determined, etc., alter-

nating between readings with no potential and with v volts.

1. Ereliminary Experiments

A great deal of difficulty was experienced in that

B,,(0) tended to drift diring the course of an experiment,

This could have been the result of part of the beam striking
the monitor target N tiaen failing to hit the Faraday cup
target R, or vice versa. DlMultiple scattering from the
monitor was ruled out on the basis of a calculation fol-
lowing Rossi and Greisen, (61) A quick check with an
oscilloscope showed taat the discrimination settings on

tihe proportional amplifiers of the monitors were not set

on a steep part of tie discrininuetion curve. (In tane final
run, experimental discrimination curves were taken to

determine how to adjust the amplifier.)
The principle source of difficulty lay in the geo-

metrical arrangement. The lead slits L of figure 1
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in front of the monitor foil must be small compared to the
area of the foil. Decreasing the vertical and horizontal
slits J in front of the scattering chamber reduced the
amount of extraneous scattered beam. That the wain beam
was actually going through target R was demonstrated by

the observation of the beam pattern. It appeared as a
yellow discoloration ~l1 inch wide and ~1/2 inch high in

the center of the many Mylar targets thiat were bombarded
during the course of this work. (3ince the slits L were
most often 1/2 inch wide and 1/4 inch high, some idea may
be gained of the divergence of the beam from these figures.)
Jith the "background'" (counting rate of the monitor with
the Myvlar target N removed from the beam path) thus reduced
to less tnan 50 monitor counts pér integrator count (range

™

B) some improvement was observed in the constancy of DE(G}.

Finally the correct alignment of the monitor counters, i.e.
"aiming" t..em exactly at the center of the monitor foil,

vrovided the means of reducing the drift over a period of

roughly 4 hours to ~& per cent. This is illustrated by data from

the final run in figure 18 which shows the fluctuations

in BW(O) as a function of the total number of counts

recorded by the integrator. The latter increases with
time, but is not proportional to it because of the vari-
ations of the cyclotron beam. The drift that is still
present nay be due to the deterioration of the Mylar target

(it becomes brittle and turns yellow under sombardment ),
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or some electronic instability of either the monitor or
integrator. Altho.gh range B of the integrator was not
calibrated with the same care that was taken with ranges
C and D (see next section), early experiments indicated
that its linearity was as good as the other two higher
ranges 1f the counting rate r%%ains below ~10 counts/min.

The fluctuations of the individual values of BI(O)

M
et

are higher tnan expected from an accumulation of the errors
of counting statistics, timing, etc. UHowever, by averaging

BN(O) taken before and after BN(V) was taken, the ratio
i

BN(V)/EFTCU is fairly reproducible, This is the function

wnich 1s of interest in determining the effect of suppressing

potential.

2. OJecondary Electrons Emitted from the Cup

In an early experiment with no target foil R in front
of the Faraday cup, the potential of the ring was set at
-295 volts, and the readings taken. Next, the ring was
grounded and the cup itself was biased at =200 volts by
means of the R49 control on the integrator (see figure 9).
In these experiments there was no detectable change in the
amount of charze collected by thevcup. That is, BM(O)
equaled BM(V) to within the ~+ 2 per cent deviati;;;-

observed for these number. BM(O) itself drifted by about

L4 per cent during the two ho.ur course of this experiment.,
The result is evidence that the cup was well designed

insofar as its geometry is concerned--less than 2 per cent
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of the secondary electrons can escape taat are produced

wien the beam is stopped in the cup.

3. Secondary Electron Emitted from the Target

The target R was a 0,9 mil aluminum foil placed in
one of the eignt rositions of the probe head in front of
the Faraday cup (see page 12 ). A marked effect was
observed as shown in figure 19. This curve and the one
of figure 1& were the results of the fimai run lasting

'

~14 hours. (The many earlier runs were much less conclusive

because the techniques were still in the process of being

worked out.) The ordinate is the ratio BM(V)/BM(O)
referred to above, and the abscissa is the suppressor
potential, The errors are the mean deviation of at least
four determinations. The figure gives the results for two
dif ferent tarzet positions. When the aluminum foil was
close to the Faraday cup in position 3, the positive charge
collected for a given number of monitor counts was ~27 per
cent higher when a suppressing potential of more than
=200 volts than when no potential was applied. When the
target was moved further away making the solid angle sub-
tended by the cup smaller, the observed effect:was also
sraller. Thus in position 7 the discrepency was ~16 per cent,
Several corrections mizht nave been applied to obtain
a more nearly correct value of BM,'but they were considered

regligible. Thus the integrator drift rate (see section

deseribing the beam integrator pagze 23 ) amounts to about
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fige 19, The eifect of applying a potential to suppress
secondary electrons produced by the deuteron beam. The
ordinate 1s defined on page 45,
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+0,03 counts/min on range 3. This nearly constant correction,
wiien compared to typical counting rates of 5 counts/min with
the cyclotron beam on, is of little importance. Then there

is the monitor background, ﬁentioned above, due to extraneous
scattered radiation, but this is only about 0.3 per cent of
the counting rate registered with the monitor target in

place. Finally there is a very small background in the
monitor due to electronic noise, cosmic rays, etc. This

was found negligible at about 0,01 per cent of the counting
rates observed during a run.

The curves in figure 19 indicate that in practice, as
long as the potential on the suppressor ring is maintained
telow ~200 volts, the effect of secondary electrons is
negligible, Theoretically a slight positive slope might
be expected out to 5500 volts, which is the maximum
vossible energy of a secondary electron ejected by a 7.8
lev deuteron. Bethe and Ashkin (02) give tﬁe formula for
calculating N, the number 6f delta rays emitted per centi-
meter of path of the incident heavy particle. Applied
to 7.8 Mev deuterons in 0.9 mil aluminum, the number of
delta rays with energies uetween W and dJ (kev) is

dN = 0.020 -(—-7—-)-2—;2—" (1)

aw
v/C

where v is the velocity of the incident particle and ¢
is the velocity of light. DNote that the N will be inversely

proportional to the energy of the delta rays. The energy W
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is a function of the angle of ejection of the electron, ©:
W o= 2mv2c0329 (2)

where m 1s the mass of tne incident particle. Taking the
target in position 7 as an example, and considering the
cone defined by the center of the target and tae mouth of
the Faraday cup, the maximum value of © is ~25°, From
equation (2) this corresponds to electrons of 7 kev energy.
The total number emitted from 7 to 8.5 kev in 0.9 mil
aluminum is found to be 1l.3¢ electrons per deuteron, by
integrating and solving equation (1). Considering the range
of these electrons (33) only those produced in the last
6x10‘5cm will escape from the aluminum. This amounts to
0.038 electrons per deuteron, which represents delta rays
from zero on up to 8.5 kev energy emerging from the target.
Scattering in the aluminum will further reduce the number
emitted at angles from O - 25°, It was therefore assumed
that the plateau reaciied at ~200 volts in figure 19 was
real, and that energetic electrons ?assing the suppressor

ring were too small in number to be observed.

<

Primary Calibration of the Beam Integrator

The integrator was calibrated by feeding in a known
current and observing the counting rate. The current was
supplied by a power supply in series with a high resistance,
The connecting cable and Faraday cup were included in the

calibration, as they are in parallel with the integrating
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condensers. (The RG-3/U cable, rated at 29.5 /ﬁuf per foot,
contributes a capacitarice of ~2x10°9/Af.) These are small
compared with 6.25 and 1-0,%f of ranges C and D.

The description of the integrator has been given in
the apparatus section, pase 18 , AHeferring to figure &,
the condensers A.....D0 discharge wien their potential V
rises to ~5 volts. Tne fluctuation in the condenser
rvotential produces variations in the calibration current.
If R is the total series resistance across tne condenser of
capacitance G,

t

— o g

V= E(l-e ©"C), (3)

where E 1s the value of the power supply voltage, and t the
time measured from end of the discharge. The value of the

current i is

{3

|

.-V (&)

It may be seen from equation (4) that the larger E is, the
less effect the variations in V will have on the average
current. For this reason the power supply was operated
at 500 volts or more. Even so, noticeapnle fluctuations
were observed, and the integrator was switched to range E
(input shorted to ground) for the current measurement.

The magnitude of the discrepency between the range E
(maximum) value and the average value of the current on,
say, range D can be estimated as follows. Consider the

instantaneous current in the R-C circuit: substituting
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equation (3) into (4) vields

t
) rC
i= e . | (5)

=

The initial current iy is simply ig= T/R, and the average

value of the current—;s
T B ). 0207 (g

where T is the time between counts. JSubstituting typical

experimental numbers in the equation (6) shows that the I

differs from io by O - 0.5 per cent. This constitutes the

justification-;or using the maximum value of the current

in plotting the calibration curves.

The exact value of the current may be ascertained by
two general methods: (a) the current may be observed directly
with a sensitive current meter, or (b) the potential drop
across a known standard resistor in series with the high
. resistor may be measured. Both of tiese methods were tried
in the primary calibration of the integrator, but only the
second one (emploving a potentiometer) gave satisfactory

results., However, the details of both will be given,

l. Direct measurement of current

Watts (30) suggested the use of a micromicroammeter for
calibration purposes. No such instrument was available
in this laboratory but it was possible to borrow a sensitive

sortable galvanometer, (Leeds and Northrup type & No. 2500



rated sensitivity 0.000S/ua/mm). It was used_in con-
junction with a lamp and scale employing a 2 meter

optical path, If the current sensitivity is known
accurately, the galvanometer may be used as a microammeter.
This expedient was used by Poole. (R4)

The sensitivity was determined according to the poten-
tial divider method given by Smith (63) and indicated
schematically in figure 20A. P was a decade box (Leeds and
Northrup No. 4750), & another decade box (General Radio type
602-J), R a wire-wound 1 per cent IRC resistor, and S a
decade box (Leeds and Northrup Lo. 4775). A potentiometer
(Rubicon type B No. 2780) was used rather than a voltmeter.
surrent flowed through the potentiometer coils for at
least 24 hours before use. The 10,000 ohm coil of P was
used as a standard of comparison for the 10,000 ohm coil
of ) and X, Shielded cables (iG=u2/U) were used everywhere
except with the potentiometer. The contacts were carefully
cleaned, and solder connections made with 50-50 (50 per cent
lead, 50 per cent tin) solder. The galvanometer coil was
warmed up with several wide deflections before a series of
readings was taken.

During use, the gzero point shifted by about 1 per cent
or less of the deflection after the passage of current.
Therefore the average of the zero point readings immediately
before and after a deflection was assumed to be the true
point.

The results of four calibrations gave smooth curves

from +250 to «250 mm .deflection except in the neighborhood
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Fig. 20, Schematic representation of the apparatus to

A, measure the current sensitivity of the galvanometer;
B, calibrate the current integrator by direct measurement
of the current with a galvanometer; and C, calibrate the

current integrator by the potentiometer method.
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of zero, where it becomes much more sensitive. This
discontinuity in the smooth curve was considered abnormal,
but a more serious drawback was the fact that successive
calibrations over a period of several days gave curves
showing decreasing sensitivity(all in the vicinity of
0.000BS/ua/mm) which was still lower than ihe rated sen=-
sitivity. The differences amounted to several per cent.
Lven when the galvanometer was not moved between two runs,
the second curve lay about 1/3 per cent above the first.
Aaf'ter using the galvanometer to calibrate the integrator,
the current sensitivity was redetermined by C. U. Anders,
using slightly different techniques. His results,
although somewnat more reproducible than the first cali-
oration, were higher by ~5 per cent,

The non-reproducibility of this method is not
attributable to temperature or humidity differences. The
explanation may lie in the fact that no particular care
was taken to assure the galvanonmeter was perfectly level.
Cther workers have observed difficulties similar to those
experienced nere until the instrument was leveled. (64)

Two atteupts were made to calibrate the integrator
using the set up shown in figure 203. The universal

shunt was used to extend the range of the galvanometer,

¢

The vacuum tube voltmeter V.T.V.M. was used merely to
read the H.V. power supply output. The calibration
curves obtained by this method were not to be trusted

because of the uncertainty in the galvanometer calibration.
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2. Potentiometer method

In this method the accuracy is limited due to the
decrease in sensitivity brought about by the high values
of the standard resistance necessary to give measurable
potential drops for very low currents., FPotentiometers are
not designed to measure potentials in circuits containing
very high resistances. A practical limit was found to be
~10,000 ohms for the standard resistance. If much larger
values are tried the galvanometer does not respond to
slidewire changes of less than 1 per cent of the indicated
potential, The particular potentiometer used also makes
a difference, e.g. it was found that the Rubicon type B,
and Leeds and Northrup type K are satisfactory, but that
the Leeds and Northrup No. 8662 microvolt potentiometer
is not, as it provided much less sensitivity.

There are several ways to surmount this difficulty:
by the use of a more sensitive galvanometer, by increasing
its optical path, or by connecting a condenser in parallel
with the standard resistance, etc. However, it was felt that
the integrator would serve adequately for the final cross
section determinations if calibrated only for its two
highest ranges C and D, corresponding to currents from
0.05 to 5 f*a‘ These values provide 0.05 to 5 volt
potential drops across a 10,000 ohm standard resistor
which can be measured with the Rubicon potentiometer and
ﬁhe Leeds and Northrup type R galvanometer to good

precision.
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The schematic block diagram of the calibration set
up is shown in figure.2OC. In the early runs, the Hi-Meg
resistors (The Victoreen Instrument Company, Cleveland,
Ohio) were out in the open, but for the final calibration
tiiey were enclosed in an air tight box with steatite
~selector switches and two UG-4L96/U cable connectors.
Care was taken to clean the resistors, and a bag of sil~-
ica gel was placed inside the box. Ceresin wax was used
to seal the box. The standard resistor at first was an
IRC 1 per cent wire-wound product, Lut later a 10,000 ohm
Leeds and Northrup No. 4040 resistor, standardized by the
National Bureau of Standards in 1954, was used. For the
power supplv, an itomic Instrument Company model 312 High
Voltage Power Supply was used, (farlier, the integrator
control RLY, figure 9, was used for this purpose, but the
highest potential available was generally too low.) The
vacuum tube volt méter, a Voltohmist Senior (Radio
Corporation of America), measured the power supply output.
A Rubicon type B potentiometer was used in conjunction
with an Eplab standard cell and a Leeds and Northrup type R
No. 2500 galvanometer,

 The results of the calibration are depicted in figure 21

for ranges C and D. Although data were obtained extending
to ~LO counts/min, only the lower portion of the curves
are shown since deviation from linearity is noticeable
bevond 12 counts/min on range C and 6 counts/min on range D.

Treating the points below these limits by the method of
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Fige 21. Calilbration curves of tae beam current integrator.
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least squares gzives the following values for the slopes,
K, and Ky for ranges C and D respectively: 37.6 + 3.6
counts/min//ma and 9,70 + 0,03 counts/min{kia. The
intercepts were not zero, as would be expected for an
ideal integrator, but were 0,30 *+ 0.15 and 0.045 *+ 0.010
counts/min for ranges C and D. This could be the drift
rate encountered when no input current is fed into the
integrator, except that in this case the intercept should
be negative for range D to agree with observation} If the
intercept is assumed to be zero, KC and KD become 39.4
and 9,97 counts/min[;xa respectively, but the deviations
show a trend when plotted.

The curves obtained about six months previously
using less care in the measurements exhibited approxi-
mately the same slope: 43.4 and 10 counts/minéﬁaa for
ranges C and D respectively.

The following values were taken as the calibration
factors for use in obtaining absolute measurements of the

beam:

= 390 + 4 counts/minffaa

K
Ko = 9.9 + 0.1 counts/minéua.

These numbers represent the average of the two least squares
slopes, one with the both constants determined and the
other assuming the intercept equal to zero. The errors
assigned are the mean deviation except when the statistical

standard deviation was larger, it was chosen, Note that
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the errors thus assigned bracket the early values, so
tnat during the succeeding two month period in which
the cross section bombardments were obtained, the change

in calibration factor should be less than these errors.

Secondary Calibrations

Secondary calibrations were made every time bombard=-
ments were obtained to detect any day-to-day variation
in the instrument., For this purpose a more rugged apparatus
was used than in the primary calibrations. The vacuum
tube voltmeter and Hi-meg resistance box were used as a
microammeter, and the set-up is the same as in figure 20C,
except that the standard resistor and potentiometer
were removed. (The readings‘thus obtained indicated
drifts not only in the integrator but also in the V.T.V ,Me~
Hi-meg resistance combination.)

During the two month course of the bombardment work
the secondary calibrations wére found to show no long
term drift (except perhaps at the very end) and the
readings for a given V.T.V.l..-Hi-meg resistance combi-
nation on range D always duplicated themselves with an
average deviation of * 0.7 - 1.6 per cent. These
variations might be attributed to changes in the V.T.V.M.,
the Hi-meg resistors, temperature or humidity. It was
noted, however, that the integrator must be warmed up at
least two hours before use, in order to reprodﬁce the read-

ings within the above limits.
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B. Target Preparation

in order to measure crosc sections at well-defined
deuteron energies it is essential tnat the target material
not degrade thie incident erergy significantly. The target
itself must therefore be made guite thin in order to take
advantage of the 6,5kev/mm resolution of the focusing
nagnet. TFor example, aluminum only 0,00026 inches thick

\
will degrade the energy of 7.8 Mev deuterons by 127 kev,
which represents the resclution obtained from a 3/) inch
slit at L, figure 1.

4 second consideration is that the targets must be
made free from thickness gradients. A uniform thin film
may then be bombarded with a deuteron beam inhomogeneous
with respect to intensity variations over the beam area,
and the cross section calculated without a knowledge of
the beam intensity distribution.

Thirdly, the target m.st be free from impurities
which might give rise to interfering activities which
would follow the product element sought in the chemical
separation., This is particularly important in - the
present study because tne {(d,a) yields are typically a
factor of lO3 lower than those of the (d,n) and (d,p)
reaction which are the major reactions induced by 7.8
Fev deuterons. For example, the (d,n) reaction on a
Uel per cent impurity might produce comparable numbers

of radioactive atoms compared to the (d,a) producte.
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For this reason considerabl? time was spent in locating

the highest purity target materials commercially available.
In those cases in which the material was evaporated onto

a substrate some additional purification may result from

the process, but there is also the possibility that it may
actually introduce impurities. The possibility of magnesium
oxide formation in this manner is discussed below.

Sé&eral general methods of producing thin films have
been reviewed by Hudswell. (65) The metal evaporator
described earlier on page 2) was used for this purpose,
out it was soon found that this approach has its drawbacks.
vata on the techniques for evaporating various metals from
different types-of heaters are presented in the literature,
(4L0=-41)

The problem of findinz a suitable substrate to which
the evaporated material will adhere was the subject of many
trials. GSeveral different substfates were ‘tried for each
of the target elements. These were polystvrene, rubber
hydrochloride, Mylar, 3aran, cellophane and aluminum,

Table I lists the four target elements encountered, some

of their properties and the target preparation method.
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Table I. Target materials

Mg 5 Ti cd
“mp(°C) 651 113 1800 321
bp(°c) 1110 L5 53000 767
mg/en® /mil b 5.3 11.4 22.0
purity - 99,98% 99.997% " spec-pure"
availability Dow Stauffer 'Foote Johnson,
Matthey
preparation evape. poured foil evap.
substrate Iiylar polystyrene ~-=- Al
evaporator‘heater W Loat - —— 7 boat

Target mounts were made to fit the slots of the probe
head of the bombardment chamber and were machined from 1/16
inch aluminum stock. 4 hole 2 1/4 inches in diameter was
cut in the mounts to match the 2 1/4 inch opening of the
Faraday cupe. The substrate was glued over the hole with
rubber cement. In practically all cases the target
material was restricted to this 2 1/4 inch area by means
of a spare target mount placed over the substrate to serve
as a collimator during the deposition of the target. To
prevent shadows of the edge of the spare mount from being
cast in the evaporation the circular edges of the collimator

were beveled.
The details of the target preparation for each of the

four elements studied will be given below.



-60-

Magnesium

Magnesium metal purified by sublimation was kindly
furnished by Mr. A. D. Brooks of the Dow Chemical Company.
This material sublimes in vacuo, and the unscreened
granules of the Dow magnesium have a tendency to pop out
of the heater unless the heating is done extremely slowly.
at first Vycor crucibles were used to contain the magnesium,
but their deep shape made them very efficient little cannons
which shot large particles of magnesium right through the
thin substratel Aiundum crucibles were also tried before
settling upon the shallow tungsten boat. Nigh care, a
full boat load could be sublimed with little loss from
porping out.

When polystyrene was tried as a substrate, the
magnesium would not stick and in addition the heat in the
evaporation process is enough to melt the plastic, Magnesi=-
um adneres well to Teflbn, hut it can't be easily de-
composed in the chemical procedure (see Chemical Separations
section). ¥ylar ( 1 mil thick) apweared to be the best
backing material. In order for even deposits to result,
the surface of the livlar had to be carefully cleaned with
ether and acetone and then wiped dry to eliminate drying
marks. Two or three evaporations were required to produce
a film thick enough to bombard,

A curious effect that was sometimes noted was that the
surface of the evaporated magnesium was grayish and metallic

looking, while at other times it had a whitish cast. There
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is some indication that this was due to inadvertently
allowing the pressure to rise while the evaporation was
in progress. Thus air or water vapor may have reacted
with the megnesium resulting in the formation of the
oxide.

A check was made on the uniformity of evdporation
by cutting one of the 2 1/4 inch diameter films into
eight rectangular pieces and determining their thicknesses
in milligrams per square centimeter (metal plﬁs substrate).
The pieces were weighed on an Ainsworth type l'UJ micro-
balance and their areas measured with the aid of a pocket
magnifier with a scale attached (.dmund Scientific
Corporation, Barrington, New Jersey). The standard
deviation of the surface densities was O.4 per cent which
is of the same magnitude as the experimental errors of
the individual measurements, Thus it is seen that indi-
vidual films can be made extremely uniform in thickness,
although these results are not directly applicable to
specific targets bombarded since the films had to be cut

up in order to make the measurement.

Sulfur
The sulfur used was 99.98 per cent flowers purified
by redistillation (66) furnished as a sample lot by
He Co Thomas of the Stauifer Chemical Companye.
Sulfur could ve evaporated from Vycor or alundum

crucibles onto lMylar substrates, but a much simpler



process was finally adopted. This amounted to pouring
sulfur vapor onto the substrate.(67) Sulfur was melted
in one arm of a Y-shaped tube, which was then tilted

so tnat the liquid would run into the other arm while
the vapor pours out the open mouth of the tube.

Difficulty was experienced with this element in that
under bombardment the suylfur would tend to vaporize from
the plastic backing. This could be partially overcome
by sandwiching the target betweeh two layers of poly-
styrene, according to the following procedure. Sulfur
vapor was poured onto a cleaned 0.9 mil polystyrene film
and the weight of the sulfur was determined. HNext
acetone was spraved over the sulfur side and another
piece of polystvrene placed on top of the target. The
sandwich was pressed togetiner to "glue"™ the sulfur firmly
in place. ‘'hen this assembly was subjected to the beam
of the cyclotron, the vaporization noted earlier was
lessened.

It was noted that the target films made in this way
were not as uniform as those made by evaporation. The
sulfur condensed in small individual grains. On standing,
crvstallization occurred, no matter which way they were
prepared. An attempt was made to assess the evenness
by scanning the target with a photomicro~densitometer, but
the grain size proved to be too large for good results.

There was, however, evidence for slight thickness gradients
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over larger parts of the film. A second attempt to measure
the uniformity was made by cutting up a film and weighing
the pieces., 3Some of the sulfur stuck to the razor as
the pieces were being cut, however, and the reproducibility
of the surface density of individual pieces was not nearly
50 pood as with magnesium films. In this case the standard
deviation of 11 pieces was * 2.2 per cent. A gradient
anounting to differences of 15 per cent may have been in
evidence in going across the film,

Some success was experienced with evaporating sodium
sulfate onto Mylar. This approach should yield much
better targets both from the point of view of uniformity,
ease of dissolution of the target, and stability under
bombardment. However, the techniques of evaporating salts
were not fully worked out, and the targets used in the

bombardments were made of elemental sulfur,.

Titanium

A sample lot of 99.99 per cent titanium sheet 0,0026
inches thick was supplied by .J. [i. daynor of tine Foote
liineral Company. 4 typical analysis is given in Table II.

This metal is so refractory (see Table I) that vacuum
evaporation is difficult. UNot only are evaporated films
difficult to prepare, but too thin a target won't result
in much yield of the (d,ua) product. This is due to the
long half-lives of the scandium isotopes involved and the

cyclotron beam availavle. Therefore it was decided to
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use the titanium foils as received from Foote “ineral Company.

Table II. OSpectrographic Analysis of Foote Titanium

Sl 0.005," Cr 0.C005 Ca 0. 0005 ¢ <0.001
Al 0.00C1 Sn 0.0001 Cu 0.001 0, 0,002
o C.0C02 Fe C.003 Ti - Ny 0,002
rb i) wi 0,001 o 1D Hy ——
in 0.001 IFo Ny HF ——

kote: ND ot detected

--= Not determined

The thickness and uniformity was established by measure-
ment oif a portion of tne titanium foil (not the same portion
t..at was bombarded) with a micrometer. It was found to be
0.00256 + 0,00013 inches thick, where the error is the

averaye deviation of 32 readings,

Cadmium
The metal used was Johnsqgn, Matthey and Company,
Limited #H. 3. Cadmium iod, greater than 99.99 per cent
pure. The spectrographic analysis is given in Table III,
FPieces were cut from the rod with wire cutters, then cleaned
with dilute hvdrochloric acid and distilled water. The
evaporation was best carried out from a tungsten boat,

although alundum crucihles also work well.
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It proved to be no small task to find a substrate
to which cadmium would adhere in the evaporation. The
plastic films tried include livlar, 3Saran, polystyrene,

cellophane, rubber hyvdrochloride, Formvar and Zapgane.
Cadmium oxide was also tried instead of cadmium, but with
no more success. finally it was found that aluminum foil
such as Hevnold's ‘rap works, provided that its surface is
first roughened with Dutch Cleanser, Targets so produced
were very even and mechanically strong.

An interesting observation was made during this
evaporation., The cadmium metal had a beautiful, siiny,
crystalline appearance up to the point of fusion. But
just as it melted into a liquid globule, a brown scum
appeared in the surface. This apparently did not
evaporate with the metal but was left as a residue in
the boat. Ferhaps this is cadmium oxide formed from the
residual gas present at pressures of lO~3 - 10" %mm of
ﬁercury used in the evagoration.

Nd attempt was made to evaluate the uniformity of
these films. The data on the ma nesium foils and similar
data obtained in the same way on manganese and indium
foils made in this laboratory (68) were taken as sufficient

evidence for the absence of significant thickness gracients.
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Table III. Spectrograrhic Analysis of Johnson, Matthey

Cadmium Rods

Ag <0.001%

Cu faintly visible

Ca very faintly visible

Fe varely visible

No lines of the following elements were observed: Al, As,
Au, Ba, Be, Bi, Co, Cr, Ga, Ge, Hg, In, K, Li, Mg, Mn, Mo,

ha, Ni, Pb, Kb, 5b, 5n, 5i, Sr, Ti, T1, V, W, Zn, Zr.

Ce Chemical Separations

Fhe object of the chemical separations performed on
an irradiated target is to isolate the atoms of cne
particular element produced by transmutation. It is not
necessary to recover all of the atoms, so long as it is
possible to determine the fraction recovered (chemical
vield), It is important that the elemental fraction be
radiochemically pure, that is, that radiocactive impurities
of other elements be reduced below the level of detection
for the particular counting arrangement used. The dis=-
integration rate of the product element may then be
determined by the techniques of /ar beta counting as

described in the next section.
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One much used method of determining the chemical yield
is by gravimetric procedure. A known amount (often 10 = 20mg)
of the (iractive) element in question is added to a solution
of the irradiated target. This is assumed to behave
chemically the same as the radiocactive atoms produced, and
nence is known as a carrier. Carriers are also added for
the various elements suspected as radiochemical impurities.
Ordinary distillations, filtrations, extractions, etc.
are carried out to insure intgrchange of the carrier with
the active species and to isolate the element of interest.
The final precipitate is weighed and the chemical yvield is
calculated.

Disintegration rate measurements made with samples
containing several milligrams of carrier are made more
difficult by the necessity of making self absorption
corrections to take into account the auvsorption ofweak
f rays in the sample itself (see next section on absolute
beta counting). If the elemental fraction can be obtained
in a solid-free or "weigntless" state, however, self-
avsorption can be ignored. The chemical yield can be
ascertained without the addition of a carriér by adding
a known amount of a radioactive tracer of the element
sought to the target solution., This tracer may be either
carrier free or of very high specific activity. This method
is commonly employed using a-emitting tracers of the heavy
elements. In this work the B-emitting tracer was long-

lived, and after the short-lived species produced in the
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bombardment had decayed out, the tracer was counted and
related to the amount originally added,

There is one note of caution that should be sounded
with respect to either of these methods of estimation of
cnemical yield. In both cases, complete interchange
between the isotopes of the added tracer or carrier and
those produc=d in thes target must be established so tuat
meacurenents on the added species are truly representative

10

of tne transmutad atomrs. MMis i

n

not necessarily oo
obvious a matter as obtaining a homogenous solution. For
instance, the fission yield of iodine was in error by
several per cent until a satisfactory oxidation-reduction
cycle had been perfected which ensured complete intercnange.
(69) It is felt that this point has been overlooked by
many workers in the field.

It was found that the purity of the water used to make
up reagent solutions is a critical consideration in obtaining
a final solution free from all scolids. This consideration
applies‘tc all the carrier free separations performed in
tihis research. oxtra precaution must be exercised in
column separations as the activity 4is collected over a
lafge number of & ml fractions totaling in ion-exchange
~500 ml eluate, Ffrom 10 - 100 ml of solution must
frequently be evaporated prior to the sample preparation
with tle result that very low concentrations of impurities
may result in sizable residues. The vest answer found to

6 , -1 —1)

this problem is to use "conductivity water™ (~ 1x10  ~ohm™ ~cm
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for making solutions, washing the columns, etce. Further-

more if there is a large amount of activity produced,

only a fraction of the total volume need be evaporated to

prepare a sample for counting. Thus in column separations
only one & ml fraction under the peak of the elution curve
may have enough activity to prepare a counting sample yet

contain only a microgram of solid material.

In these procedures the éubstrate upon which the
target element had been placed had to be dissolved and the
(d,a) product extracted. This is because nuclei recoiling
from t@e collision with the deuteron may be ejected from
the target. (Experiments demonstrating this effect will

be described later.)

Sodium from Magnesium Targets

The separation of the alkali metals from each other
and from the alkaline earths has been reported by several
authors.{(70 - 75) The work of Linnenbom (75) and Beukenkamp
and Rieman (73) was found especially useful in developing
the procedure used here, Several preliminary experiments
indicated that by using Dowex 50, a cation resin, with
dilute HC1l as the eluant, the magnesium is held up by the
resin so that the sodium is eluted first.

Attempting to purify colloidal Dowex 50 by settling,
washing with hydrochloric acid and sodium hydroxide solutions,
etc., proved ineffective in providing a resin from which

no extrgneous material would be extracted in the elution
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process. However, "CP" grades of Dowex 50 which have
been screened, purified oy extraction with various reagents,
Aand analyzed, are now commercially available (Bio*Rad
Laboratories, Berkeley, California). Number AG 50-X8,
100 - 200 ﬁesh, was the resin used in this work. After the
column was loaded and rinsed with conductivity water, no
jurtner treatment was necessary.

The column was made from 22 mm i.d. 25 mm o.d. FPyrex

2, and was ~13 inches

tabiné of cross sectional area 3.8 cm
highe. A coarse sintered glass frit was fused in the bottom
to support the resin column, and a buret tip and stopcock
formed the outlet., The column was filled with resin to

a height of about 10 inches. An automatic sample changer
(University of California Radiatien Laboratory, Health
Chemistry desizn) was used to collect the eluate in ~8 ml
fractions in 100x15 mm test tubes (Arthur H. Thomas Company,
Lol 9LL6).

The annotated procedure ior magnesium targets is given
in figure 22, The format is the same as used by Professor
“einke.(76) The initial sulfuric acid-hydrogen peroxide
treatment results in the destruction of the Mylar backinge
In this case, once a homogeneous solution is obtained,
the sodium tracer may be assumed to be mixed thoroughly
with that produced in the bombardment. By fuming off
the large excess of sulfuric acid much less magnesium is
needed for neutralization, and the capacity of the resin

is not exceeded,



Element separated: Sodium Procedure by: Hall
Target Material: Magnesium Time for sep'n: ~8 hours
Type of bbdt: 7.8 Mev deuterons Eguipmenp required:
Yield: ~50% , 50 ml rhillips beaker
Yield: 7 ’ ion exchangze column
Degree of purification: ~103 automatic sample changer
\ . 100x15 mm test tubes
Advantages: carrier free (Arthur Il. Taomas Co.
separation for Lm B-counting 0. OLL6) !

Procedure:

(1)

(7)

Remarks:

(1)

CHEINICAL SuwPARATIONS

Place 1 m] _con Hp5C, in 250 ml Fhillips beaker and add
tracer Na<? (see remark 2 ), Introduce the Mg target
(~20 mg) and iylar substrate. Heat strongly to de-
compose the Mylar.

Cool, add several drops of 30/ HpOp and reheat. Repeat
until a.clear solution is obtained.

Fume off excess H23C, and add 10 ml water. Neutralize
(to pH~4) by adding an excess high purity Mg.

absorb onto Lowex 50 column (H* furm) at a flow rate
of 2.5 sec/drop. Rinse the column with 10 ml of water.
Elute with 0.5 I HCl at 2.5 sec/drop, collecting the

eluates in clean 100x15 mm test tubes. Assay in
scintillation well counter to determine the elution

curve.

Test sodium fractions for Mg® with quinalizarin spot
test (see remark 3 ).

svaporate tie most active fractions to dryness. Take
up with water and transfer to Ln plates.

General references: J., Beukenkamp and ¥, Rieman 111,
anal. Chem. 22, 582 (50), and V. J. Linnenbom, Joe
Chem. Phys. 20, 1657 (525.

The tracer is added for the purpose of determining the
chemical yield.

rneference for quinalizarin test: Feigl, Qualitative
Analysis by Spot Tests, 3rd ed. (liew York, 1946), p. 172

Use conductivity water to make up solutions, etc.
J H

Fig.
from

<2, Frocedure for the chemical separation of sodium
magnesium targets.
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The elution curve is most easily obtained by
counting the test tubes themselves in a scintillation
well counter. (Tae one used in this laboratory was a
Nuclear-Chicago model D3-3.) This eliminates the ne-

cessity for taking aliquots of the fractions and making
a22-—21,.

47

separate counting samples. The I starts to appear
in the eluate after about 500 ml of eluant has passed
through.

A bombardrent to check the chemical procedure was
obtained using the window box probe described on page 17.
Higher intensity beams by a factor of ~100 are available
here compared with the bombardment chamber and hence
lar _er amounts of activity can be produced. The magnesium
was irradiated in an aluminum envelope (without the plastic
substrate.) The purified sodium fraction was counted on
the spherical L counter and the decay showed two components:

2L

., .22 , . |
the 2.6-year Na”” and the 1l5-hour Ha”™" as expected. lNo

otiier half-lives were detected,

Phnospiiorus from Sulfur Targets

A unique application of ion exchange resins has been
developed by McIssac and Voigt (77) for the carrier free
separation of phosphorous from neutron irradiated sulfur,
Dowex 50 was first converted to the Fe’ " form, and then
ammonium hydroxide was passed, through the column precipi-
tating ferric nydroxide. iladiocactive phospnorous is known

to be carried by ferric hydroxide, so when an active solution
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was passed tnrough this column, the phosphorous was
absorbed while the sulfur passed on. through as sulfate.
The column was then rinsed free from sulfate with water,
and the phosphorous removed by eluting with dilute sodium
hydroxide solution. The effluent was channeled directly
into a Dowex 50 column in the H® form. By this means the
sodium was removed by the resin, and a carrier free
solution of radiophosphorous was obtained in aqueous
solution., Bio*Rad resin AG 50-X7.5, mesh sized 20-50,
was used., The details of the preparation of the resin
columns are given by lMcIsaac and Voigt. (77)

Figure 23 shows the procedure as finally adopted.
The initial sulfuric acid-peroxide treatment destroyed
the polystyrene target support. The bromine-carbon tetra-
chloride mixture dissolved the elemental sulfur and
converted it to sulfate. (78) 1In the absolute cross
section runs it is important that the mixture not be
heated too strongly as phosphorus may be lost from sulfuric
acid solutions at temperat res above lSOo c.(79) The
neutralization step yields a solution identicél ﬁo the
one with which McIssac and Voigt started.

The problem of complete interchange of the added
P33 tracer and the P32 produced in the cyclotron deserves
consideration. There are available a number of valence
states and molecular species among which the P32 and P33

atoms might distribute themselves, A separate experirent

to ascertain whether or not 100 per cent interchange



was accomplished did not seem to bLe worthwhile in the
light of several ot ier expsrimental difficulties with
this element. (The targets were not uniform, the sulfur

e P33

tended to vaporize under bombardment, th tracer was
impure, resolution of the decay curves was difficult, and
the use of hot sulfuric acid may have resulted in losses
of PBZ.) The strong oxidizing conditions used in the
dissolution step assures that the phosphorus is in the

+5 state, and it was only assumed that interchange then
occurs rapidly.

Sulfur was bombarded in an aluminum envelope on the
window box probe in order to test the chemical procedure,
The target was cooled two days before processing it
ciemically. Lo plastic film was present in this case,
The decay curve showed the présence of only the single

14,.3-day decay of PBZ. An aluminum absorption curve did

not give any evidence for the beta ray of P33

$33,

wiaich could

possibly come from an (n,p) reaction on

Scandium from Titanium Targets

Carrier free scahdium separations from calcium and

[els

titanium tar -ets have bocen raported Ly Jile et als (8

)

) and

e

otaers. (50, 1) ‘en a cleur ulxalie Tsolution” containing
tracer amounts of scandium was filtered through filter

paper the scandium was retaiﬁed by the paper as a radio-
colloid while the other activities passed on through.

The scandium was removed with dilute hydrochloric acid.



Element separated: Phospuorus frocedure by: Hall
Target laterial: Sulfur Time for sep'n: ~8 hours
Type of bbdt: 7.8 Mev deuterons Iquipment required:
. - L ‘ 250 ml Fhillips beaker
Yield: ~20% : o
ion exchange columns
Degree of purification: ~103 automatic sample changer

Advantages: carrier free
separation for L4m Becounting No. 9LLE)

Procedure:

(1)

Remarks:

PN RT CTETYA YA M T N A
CHEMICAL SEPANATIONG -

100x15 mm test tuoes
(Arthur H. Thomas Co.,

Place 2-3 ml_con H330), in 250 ml V.:illips beaker and
add tracer P33(see remark 2). Introduce the S target
(~70 mg) and the polystyrene substrate. idd several
drops of 30% Hz02 and hesat gently to decompose the
polystyrene (see remark 3).

Cool and add 25 wl of a 2:3 wixture of Brp-CCl,. Let
stand 30 minutes to dissolve the sulfur. Add ilore
Hp50),=Hp07 and heat gently to cumplete the solution.

lleutralize to pi~6.4 with solid NazC03 and dilute to
500 l"ﬁl »

Absorb onto Dowex 50 column in Fe(OH)3 form at a flow
rate of 1 sec/drop. Rinse with 50 ml” water.

Blute with 125 ml 0.125 N laOil at a flow rate of

1 sec/drop, cnannelling the effluent directly into a
Dowex 50 column in H* form. Collect the =sluates in
¢lean 100x15 mm test tubes. Assay in a scintillation
well counter to determine the elution curve.

Test phosphorus fractions for 50,° with Ba'*,

[lvaporate the most active fractions to dryness. Take
up with water and transfer to L plates.

(1) General reference: L. J. .'cIsaac and A. Voigt, I15C-271,
(June 1952).
(2) The tracer is added for the purpose of determining the
chemical yield.
(3) If the HpS0, solution is heated to fumes, some POL'_=
may be lost.
(4) Use conductivity water to make up solutions, etc.
Fiz., 23. VYrocedure for tie ciemical separation of phosphorus
from sulfur targets.
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In this work three cycles were found adequate to give the

desired decontaminatione.

Y

It was discovered t .at Vhatman No. 50 hardened filter
paper is superior to either of the papers recomrended in
the references., & certain amount of organic matter was
extracted along with the scandium when the other papers
were treated with hydrochloric acid. This did not happen
wihen the hardened paper was used.

The details ofi tnhe adopted procedure are given in
fizure 24. One provlem that Gile, et al, (f2) did not
mention was tlat of kee_ ing thne titanium in solution at
pH &.5. The hydrous oxide tended to precipitate as soon
as the pl was raised to ~3., It was experimentally found
that this can be overcome bty adding sufficient hydrogen
peroxide which is reported to form a peroxide with titanium.
(£3) leepingz the solution dilute also helps to prevent
the precipitate from salting out.

-In this case there is little cause for concern about
complete interchange, as scandium exists in only the O or
+3 state, Thus the initial oxidation assures that all the
scandium is in the same form and thorough mixing of the
tracer and (d,«) product can be assumed,

The chemical rrocedure was evaluated Ly a window
box probe bombardment of titanium. Three cycles of the
procedure resulted in a sample which decayed with an
initial ~3.5=day half=life tailing into an &5-day component.

The B-ray spectrum, as observed on the f-ray survey
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T R VP W E AN llLL LL_L\l
siement sepurated: Ccandium Frocedure oy: iflall
Target laterial: Jitanium Time {or sepx'n: ~5 Lhours
Type of bbdt: 7.8 Mev deuterons Lguipment z Guired:
Yiela: ~10° 250 ml I lluU seaker
+lCiul e micro beii ‘ar
Uegree of puriiication: ~1uU% ~oe L0 JlfSCh funnels

o . SIG DAL D Qw SU LlJ_u\.,l"
acvantages: carricr free paper, plydrion (short

separations for Lt f8-countingz ranse; pH paper
1roc~lake. )

(1) tlace 1 .1 cen 4250y, in 2,0 ml o illips beaker and
add tracer uché(uee remark 2 ). Introduce tae Ti
target (~130 mg) arnd the Lylar s.bhstrate.  leat
strongly to ueccupose tae iy

{2) Cool, add “everal drops of 30, H20p, and rehaut.
wepeat until a clear solution is cotained above the

' unattacked Ti.
(2} add 10 ml 1¢ I uuh coutaining 516 1 .03, leat,
keeping tne . U3 replenished until the Ti is all

dissoclved.

alize to pi 2.5 (use
wixture of 30, {2b2 and
3z HpUp to keep the Ti in

ilute to 100 ml and ne
iydrion paper; ith a
o0y O id enoury

SOletl INe

C‘ Hf"

l
xce

O \n f‘«

£~

(5) Filter twice t. wrougu tas same Jlatman lo. 50 filter
pa; er,ad“n suctior. ash three times with 3 L NHLCL
at ’Jn Cc bn

} Hewmove sc with several portions of oot 3 N liC1.

(7) Repsat steps L, 5 and & twi:e, axceyt in final cvcle
ipe conauctivity water at pd .5 to was. Lhe Je
"precipitate”.

{ 1) Cvaporate to dryness. Jestroy organic watbtter with
aquu rejia.  Tade up with water @.d translfer to lar

R
r/...Ld\JLJbo

H N
Aeiund K3 .

G rml rence: Jo 0. Gile, a2t al., J. Cuei. .ays.,

ral

The traccer ig auded for t.ec porpose of deterwining the
chewical yield

(3) Use conduactivity water to make 1p solutions, etc.

Yi; . 24 rCrocedure [or tie chemical sezaration of
scanuiu. from titariwr.
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spectrometer (&4) was consistent with the expected radiations.
The 7-ray spectrum obtained with a scintillation spectro-

meter (85) also showed the expected peaks at 0.9 and 1.1 Mev

(6

(
4

for 5Se .

Silver from Cadmium Targets

from a consideration of tie data presented Ly Hicks
et ale {86) it was thought t.at a rapid carrier-free
separation would be possible for silver. They indicate
tuat tracer quantities of silver can be separated from
cadmium, indium, palladium, etc. by eluting tracer
quantities of silver on Dowex 2 with 6 - 9 N nydrochloric

J

acid, while the other ions remain on the column. However,

111 and Aglll in this

it was not possible to separate Pd
way when tried in tue laboratory, which cast suspicion on
the method. (Lvidently their data was obtained using a
vad batch of resin (.7) which explains why their results
could not be reproduced here:)

Next the procedure of Haymond et al. (78) for the
carrier free isolation of silver from palladium targets
was tried., They claimed to have co=-precipitated tracer
silver with mercurous chloride. To 500 ml of C.5 N
hydrochloric acid solution of the palladium tar:et
containing rhodium and ruthenium carriers they added

0.5 ml of saturated mercurous nitrate to precipitate the

4
chloride. However, when this procedure was tried here

using irradiated cadmium plus various holdback carriers



such as Cu, 4n, Ga, In, I'b, and Bi, very little silver

activity coprecipitated with the wmercurous chloride.

(The vresence of active silver was demonstrated by

Jrecipitating silver chloride from the mercurous chloride

supernate and following the decay of the silver chlofide.)

It was hoped to separate the carrier mercury from the

silver subsequently by an anion column procedure. However,

repeated experiments failed to yield success in isolating

t1ie radiocactive silver, At one stage it was noted that

whenever palladiuﬁ is present in the solution, the

mercurous chloride precipitate turns black. Thus it may

nave wveen that the mercurous species reuuced the palladium to

the setal which in turn carried the silver in this procedure.
.tather than spending wore time develoling 4 carrier-

free seyaratipn it was decided to resort to the addition of

silver carrier. A good clean, fast procedure based upon the

rapid exchange of radio-silver with inactive silver chloride

suspended on a platinum gauze was developed in this

laboratory by Sunderman and keinke. (£9) This, together

with a more standard precipitation procedure developed

104 mass assignment problem (Part II

for usé with the Ag
of this thesis) was used in the cross section work. The
discussion of the latter procedure is given in Fart II,
Here again the question of exchange of carrier and
trace amounts of silver is no problem. In fact tie very

rapid rate of heterogeneous exchiange between the solid

N 3 . & + 2 b s .
silver chloride and Ag in solution has been the subject of
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study 1§ (89 = 90) It has been reported that silver ions
tend to avsorb on the walls of glass containers, (91 - 92)
This effect is precluded by addition of silver carrier

to tie vessel before dissolving the target.

That the exchnange separation does, in fact, give good
decontamination from the other cadmium bombardment products
was shown by a separate bombardment at the window box
position. Cadmium foil of 99.99 per cent purity (Belmont
Smelting and Refining YWorks, Incorporated, Brooklyn, New
York) was backed with Reynolds Wrap aluminum foil and
vombarded for about Z/Aa~hr. The silver was separated
and its decay followed. It showed the presence of just
the same components that were found in all the previous
work using the well tested silver chloride precipitation

orocedure (Part II of this thesis),
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D. Absolute Beta Counting

Summary of Existing Methods

"The problem of determining the rate at which a radio-
active source decays in terms of actual disintegrations per
unlit time has been the subject of a great deal of study by
many workers over the past decade. Manov (93) has presented
a concise summary of the status of radionuclide standardie-
zation as of April 1, 1953. The various avenues of approach
- group themselves into three broad classifications, In the
first method a measurement is made of the rate of energy
released by the radlioactive nuclei and the disintegration
rate is calculated from this datum and a knowledge of the

average energy per disintegration. Secondly, the coincidence

counting rate of a sample may be related to the disintegration
rate without knowing the efficiency of the detectors for the
various radiations emitted, Finally, the particles ejected
from the nucleus may be coynted by a detector whose

"ecounting efficiency” (defined as the number of counts
recorded under particular conditions of geometry, scattering,
absorption, etcs for each disintegration) is known.

l. Rate of Energy Release. Myers (94) has written

a review article on the subject of calorimetric methods
of measuring the heat emitted from a radicactive source.
The rate of evolution of heat dQ/dt, the average energy per
digintegration E, and the disintegration rate dN/dt are

related as follows:
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T, (7)

dy
dt

t

The radiation must be completely absorbed in the calorimeter.
Very inteﬁse sources are required to give off enough heat

to be measured accurately. OSince the limit of sensitivity
of most calorimetzsrs describsd is 0.001 cal/hr, this means
about 20 mC (LyxlO9 disintegrations/min) of a 1 Mev f-emitter
is required for 1 per cent accuracy in determining d{/dt.
This follows from the equation given ULy lyers:

0.19014

O

1 cal/ar =

ey
Nt

curie (

t

where E is expressed in million electron volts. The sample
must decéy slow enough to permit the heat measurements to

be made. Thus a practical limit for the half=1life is ~1 day.
As an example of the application of this method, the dis-
integration rates of P32 (95 - 97), H3 and Aul()8 (97) have
been determined.

A method related to the calorimetric standardization
has been described by Loevinger (98) and Gray (99) in which
the ionization produced by B particles is measured in a \
cavity type chamber. The disintegration rate can then be
expressed in terms of the ionization produced, the average
energy of the } ovarticles, and the average energy expended

p3@

in the production of one ion pair, has been standardized

in this way. (99)

2. Coincidence Counting. Tais method has been described

by Dunwortn,(100) Barnothy and Forro (101) and others (102=103)
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who give good treatments of the procedure and the errors
involved. Two counters are arranged so that the first
detects only one type radiation from the source (e.g. beta
rays) and the second detects only radiation of a different
kind (e.g. gamma rays) or of a different energy. If the
decay scheme of the nuclide in question is known (there must
be at least two different radiations involved in the decay)

a relation may be derived between the disintegration rate,
the coincidence counting rate, and the single counting rates.
For instance if the nuclide decays by B emission followed

by & Y-ray transition to the ground state, the disintegration
rate is given by

N,N

ai . B (9)
dt Nﬁy

where N, and N, are the single counting rates and N is
£ L LY
the coincidence rate. The source must be fairly intense:
~10° disintegrations/min for a long-lived activity. This
and certain other conditions and corrections serve to
detract from the usefulness of this method. However, it
is capable of high accuracy (~1 per cent) for those cases

60

in which the requirements can be fulfilled, e.g. Co ~. (104)

3. Particle Counting with Known Counting Efficiency.

This method merits special attention hecause it has been used
widely. L. 2. Zumwalt (90, 105 - 106) has described the

manner in which the disinte;ration rate is derived from the
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observation of the counting rate in end-window Geiger-
Mueller counters. The counting rate is expressed as

(¢/m) = (d/m)vafAfoHfS (10)

¥
in whaich
(c¢/m) = counts/min detected by the counter,

(d/m)

the actual number of disintegrations/min

[}

in the sample;
G = the solid angle geometry of the source
and the counter, |
fw = +the factor for the efféct of the
absorption of the beta particles by
the window and the air between the
source and the window,
fA = the factor for the effect of air in
scattering beta particles into the counter;
f, = the factor for the increase in counting

rate due to backscattering from the

sample mounting ;

)
1]

I the factor for the scattering effect of
tahe source support structure and housing;
f = the factor for the effect of the mass of
the sourcein causing both scattering and
absorption of beta particles (self-
ahbsorption and scattering).
Sometimes a sample is first standardized by another

means, e.ge. coincidence counting, and then counted in the
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particular detection arrangement to be used. The counting
efficiency 1s thus determined for a particular nuclide and
detection arrangement. If this is not done each of the
factors in equation (10) must be separately determined.
In addition account must be taken of the decay schene,
i.e., contributions to the counting rate from i-rays, con=-
version electrons, etc. Thus an additional factor should
be included in equation (10) expressing the probability that
a count is registered once one of the radiations from the
source enters the sensitive volume of the counting tube.
Of course utne observed counting rate must be corrected for
background and deuad tiiwe losses.

Many refinements havg been made in tihis basic method.
(107 - 121) This technique has been employed in the de=-
termination of crous sections (14,111,122 - 124), specific
activities (125) etc. The accuracy_of such determination
is limited by tue "ubsolute" counting error of 3 - 20
per cent.

anotier extension of particle counting with defined
efficiency is to place the sample within the detection
chumber. With the uctive species in the gaseous form
Livby (126), Bidinoff (127), Bernstein and Ballentine (128)
have counted Cla and HB by irncorporating them into the
counting zas. Professor H. R. Crane (129) has counted Gl4
as carovon black in an internal counter. The source may be

deposited on an electrode, pliced in a vacuum and the
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charge carried away measured.( 130-132 ) Nearly kv
geometry is achieved in this case but intense sources are
required., A screen wall counter is capable of 5 - 10
per cent accuracy when the activity is placed on the wall
of the chamber. (135) With the sample on the bottom of
an internal flow counter, the solid geometry factor alone
is 2, but absorption and scattering problems are still
present. (136-141 )

The method of "4m counting'" has recently received a
great deal of attention. This is really a refinement of
the particle counting techniques discussed in the last
three paragraphs. An advantasze is gained by the elimination
of the problems of scattering énd, to a large extent,
those of absorption. The principle is that the sample is
surrounded by the detector's sensitive volume such that
one disintegration‘produces only one count regardless of
the decay scheme, particle scattering or secondary radiation.
The method is highly sensitive, so that low intensity
samples may be counted, ~10 disintegrations/min being the
limit of detection {({or counting volume of ~250 cm3);
Very recently scintillation techniques have been used to
obtain Lir geometry in which the source is either
sandwiched between two crystals (134,142 ), or dissolved
in a liquid scintillator. (143) lMuch more work has been
done with solid samples placed inside a gas filled chamber,

It is with such an arrangement that the present work has

been done.
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4 Proportional Counting

The technique of absolute P-ray counting using an
internal L proportional counter possesses several ad-
vantages over the other methods. As mentioned above the
effect of B-ray scattering upon the counting rate is
eliminated. If the source can be obtained in a solid-
free state there will be no self-absorption correction.
Absorption in the source mount‘may be determined, and
usually amounts to a small (O - 5 per cent) correction.

Especially important in the study of low yield nuclear

reactions, such as the (dya) reaction, is the detection
sensitivity of ~10 disintegrations/min which may be
obtained., The probability that a count is registered
once a B-ray enters the sensitive volume is essentially
unity (to within ~1 per cent) if the electric field in
the chamber and the proportional amplifier are properly
adjusteds Only if there is electron capture branching ,
( 144) or if there are delayed states involved in the
transition which have lifetimes somparable to the counter
resolving time (~§/Asec) will there be any majqr discrepancy
between the counting rate and disintegration rate.

In the past the usual procedure in applying Lir counting
techniques to bombardment work for the determination of
acsolute disintegration rates has been to employ them to

calibrate an end window Geiger-Mueller tube. The counting

of the bombardment samples is then done with the calibrated

counter, In this way the same corrections for back~
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scattering, geometry, etc. must be applied as in Zumwalt's
technique. The innovation in the present work was the
direct application of 4m counting to bombardment work in
which the decay of sauples containing several components
(of differing half-life, f~-ray energy, etc.) was followed
with the v counter. Thus absolute decay curves were
obtained, subject only to small corrections discussed
below. It was felt that the lir method was exploited

to better advantage in this way, by the elimination of
scattering and feometry corractionse. OSince this research
wis undertaken the Berkeley group (145 - 146) has reported
some absolute cross sections by following the decay of

Cll and Kazh in the lgv counter, but no chemical separations
were performed on the target foils and only one component
decuys were encountered.

A description of the various A4 internal counters which
have ap.eared in the literature hus already been given on
pages 35 and 36, to=etier with the references. In addition
to those, the University of i‘ichi_an (147 - 148) and the
liassachusetts Institute of Technology (149) groups have
reported valuanle information. The work of Pate and
Yaffe (150 - 152) is particularly important in connection
with the specific techniques of L4 B-ray counting.

The particular form used in this work has been discussed
on paces 36 = 42 and was pictured in figure 15 and 16. The
following sections deal with the details of the procedure

nut have bheen worked out. Jirst the methods used to
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fabricate thin plastic films for use as source mount s

will be given. The measurement of the thickness of these
films and the film absorption correction will then be
treated, The self absorption problem and the effect of

a conducting coating of the source mount will be considered.
4 discussion of the amplifier gain and discrimination
levels at various anode potentials will follow, The
experimental estimation of the dead time of the counter,

and finally the application of these techniques to the
counting of National Bureau of Standards samples will

be presented,

1. Plastiec ilm Preparation. &s described on page 136,

the activity was placed on a thin plastic film covering a
1/2 inch hole in the center of the aluminum sample plate.
The active solution was pipetted onto the film and dried
with the aid of an infra red lamp and hot air current from
a hair drier, The deposit was usually covered with
another layer of film to prevent contamination of the
counter., |

Several commercially available plastics were tried,
including 1/4 mil Teflon, 1/4 mil rubber hydrochloride,
and 1/4 mil aluminum-coated }ylar. These proved unsatis-
factory for absolute counting because too large a fraction
of'weak beta particles are absorbed in this thickness of film.

Fabrication of films as thin as ZQ/Ag/qu (several

hundred fold thinner than the commercial film) was carried
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out in the laboratory. Oeveral tecihniques have been
worked out and reported in the literature. (149 - 153)
nspecially helpful was the repert of Fry and Uverman.
(149) Their method of floating a solution of the plustic
on water and picking up the film thus formed on a wire
frame was adopted in this work. The apparatus, sisilar

to that used by Frofessor !l. L. Wiedenbeck and coworkers
is illustrated in figure 25, Best results are obtained

if cold fresh taup water is used for casting the filus,

The surface is first clzaned vy drawing a brass vbar across

.

it. Kext the wire frame is immersed beneath the surface
and suspended from the shaft of a 3 rpm synchronous
motor. our drops of the plastic solution are pipetted
onto the water and the solvent allowed to evaporate.

The frame is then pulled up out of the water verticzlly
v med £ 1+ t ODlekino - T £47 P = B O 3

by means of the motor, picking up the film as suaown in

figure 25. The double laver thus formed will henceforth

be reflerred to as a single laver.

The film is transferred from the frame to a L
counting plate by lowering the film onto the plate.
The two are forced together with an air jet by blowing
through a zlass tube, as in figure 26. The film must
be wet for good adhesion. Filgure 27 shows how the film
is cut around the edges of the sample plate. 4 wire

dipped in solvent, imukes zan excellent "knife®.
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Fig. 26 Mounting the Film Fig.27 Trimming the Mounted
on a 4 pi Counting Plate. Film.
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Several plastics may be used to make the films.
These have been listed by Slatis (153) along with re-
ferences on their fabrication inteo thin films. New
techniques for use with VYNS resin (a polyvinylchloride-
acetate copolymer obtainable from Canadian Resins and
Chemicals Limited, Lontreal, .uebec) have been developed
by Pate and Yaffe. (3137) Formvar E (a polyvinyl acetal
obtainable from Shawinigan Products, New Yorkf may be made
into films by {loating a 1 per cent solution in ethylene
dichloride on water. .lthough these films are very strong
mechanically, acidic solution attacks them. For this reason
Zapon films (pyroxylin lacquer obtainable from Arthur S.
LaPine and Company, Chicago, Illinois) were used for
routine absolute counting. 4 solution of Zapon, Zapon
thinner, and amyl acetate in a volume ratio of either
1:1:1 (33 per cent Zapon) or 2:1:1 (50 per cent Zapon)
was used in tais case.

The thickness of the film can be varied by using a

1]

solution of different concentration or changing the
number of drops to form a film. A more practical ex-
pedient was to laminate several layers together to make
thicker films. One layer was added at a time. Care must
be exercised to prevent air pockets from forming between

successive layers especially in the center.

2. I"Mlm Thickness lMeasurement. Pate and Yaffe (147)

have summarized several ways of determining the film



thickness. Optical|methoda (33,154=-156) both by interference
of reflected light and by light absorption, were the subject
of a few trials. 35ince the optical equipment was not
readily available in this laboratory, this method was not
exploited. The obvious procedure of weighing a given
area of a uniform film was found difficult to apply due
to the very small mass (as low as 20/;g) of the films.
The absorption of weak p particles, such as from NiéB,
described by Pate and Yaffe (147) is the easiest and
quickest of the techniques to apply and was finallj adopted
for routine use.

The surface density of a few films was measured
gravimetrically using an Ainsworth type FFDJ microbalance,
The films were mounted on a weighed sample plate and the
weight of the film found by difference. it first great
difficulty was encountered establishing rest points to
better than + lO/Ag. Finally a procedure was evolved,
based upon the work of Hillig (157) and Hull (158), wherein
a weighing can be made in a period of about 40 minutes to
a precision of + %/Ag. Results of these determinations are
shown in Table IV. Films belonging to the same batch
number were made under identical conditions. The N163
f=-ray transmissions of the weighed films are also presented
in the table. {films &-1& show the effect of improved
technique. Note that the surface densities of film &-13
may be averaged to give 16,0 + l.ﬁ/kg/cmz, and films

14-18 show that the surface density per layer is



19.4 + 1.3ug/cm’. Thus individual filus may be wade of
the same thickness to within 7 - & per cent as determined
gravimetrically. It will be shown in the next section

that even an & per cent difference introduces no appreciable
error in the film absorption correction.

In the application of the EiéB B

-ray absorption
technique the output of the lower half of the Borkowski
4t chamber was connected to the proportional counter
rather than employing a "conventional hemispherical
2w-proportional counter," as Pate and Yaffe (:;7) did.
The N163, deposited on a one inch aluminum disk and covered
with two layers of Zapon films, was placed face down on
the film to be measured, and the 2 counting rate determined.
Since the beta transmission is determined over a small
area in the center of the film it is not subject to peri-
pheral irregularities and changes in support weight, and
should be a much better estimate of the reproducibility
of films from the same batch.

The results of the NiéB absorption measurements are
presented in figure 27, The points shown as squares were
obtained frq@ films w.ose thickn=sses had been determined
gravimetrically., For instance, the thickness of film numbers
&-13 were averaged to give an x-coordinate of 18.0 + 1,5

/{g/cmz and their transmissions were averaged to give a
y-coordinate of 0.830 + 0,004, The weights of films 14,
15, and 16 were the averages of two sets of weighings
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